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Facies.  
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List of Series 

Series 1: Fundamentals of Sedimentary Flows and Facies   

Series 2: Depositional Environments: Marine and Continental Systems   

Series 3: Classification and Analysis of Sedimentary Settings  

Series 4: Paleoenvironmental Criteria and Sedimentation Controls   

Series 5: Stratigraphy and Evolution of African Sedimentary Basins   

 

1.1 Properties of Sedimentary Flows   

- 1.1.1 Definition and types of flows (e.g., laminar, turbulent)   

- 1.1.2 Flow dynamics and energy conditions   

- 1.1.3 Bed forms and their relationship to flow properties   

 

1.2 Sedimentary Facies and Walther’s Law   

- 1.2.1 Definition of facies and their characteristics   

- 1.2.2 Walther’s Law of Facies: concept and applications   

- 1.2.3 Facies models in depositional environments   

 

1.3 Controls on Sedimentation   

- 1.3.1 Physical controls (climate, tectonics, relief)   

- 1.3.2 Chemical controls (composition, diagenesis)   

- 1.3.3 Biological controls (organisms, bioturbation)   

 

1.4 Significance of Flows and Facies in Basin Analysis   

- 1.4.1 Facies interpretation in stratigraphy   

- 1.4.2 Application to African sedimentary basins   
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- 1.4.3 Economic implications (resources linked to facies) 

 

Series 1: Introduction to Sedimentary Flows and Facies 

 

Introduction 

Sedimentary rocks tell the story of Earth’s past, recording the movement of water, wind, and 
ice across landscapes and oceans. To interpret these stories, geologists must first 
understand how sedimentary flows (movements of fluids such as water or air that transport 
sediments) shape the ground and how facies (distinct bodies of rock with specific 
characteristics reflecting their depositional environment) preserve evidence of these 
processes. This Series sets the foundation for the course by equipping you with the essential 
concepts needed to recognise and analyse the building blocks of sedimentary 
environments.   

The aim of this Series is to introduce you to the fundamental properties of sedimentary flows 
and facies, and to enable you to evaluate their significance in interpreting depositional 
environments and basin evolution.   

We shall commence this Series by examining the properties of sedimentary flows, including 
their dynamics and the bed forms they produce. Next, we will explore the concept of 
sedimentary facies and Walther’s Law, highlighting how facies relationships provide insights 
into depositional settings. Following that, we will consider the physical, chemical, and 
biological controls that influence sedimentation patterns. Finally, we will wrap up by 
discussing the broader significance of flows and facies in basin analysis, with particular 
reference to African sedimentary basins and their economic implications. 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to:   

- SLO 2.1 define the different types of sedimentary flows and describe their key properties,   

- SLO 2.2 explain how flow dynamics influence the formation of bed forms,   

- SLO 2.3 define sedimentary facies and illustrate the principles of Walther’s Law,   

- SLO 2.4 analyse the role of physical, chemical, and biological controls on sedimentation,   

- SLO 2.5 evaluate the significance of flows and facies in stratigraphic interpretation and 
basin analysis.   
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1.1 Properties of Sedimentary Flows 

Sedimentary flows are the driving forces behind the transport and deposition of sediments. 
By studying their properties, geologists can interpret past environments and predict how 
sediments accumulate in basins. In this Part, we shall explore the types of flows, their 
dynamics, and the bed forms they produce.   

 

1.1.1 Definition and types of flows 

A sedimentary flow is the movement of a fluid such as water, air, or ice that carries and 
deposits sediment particles. These flows vary in energy, velocity, and behaviour, which in 
turn determine the nature of the deposits they create.   

The two primary types are:   

- Laminar flow: a flow in which fluid particles move in parallel layers with minimal mixing. It 
is typical of low-energy environments such as slow-moving water.   

- Turbulent flow: a flow characterised by chaotic mixing and eddies, common in rivers, 
deltas, and storm-driven marine settings.   

 

Fill in the blank: A flow in which fluid particles move in parallel layers with minimal mixing is 
called .   
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Figure 1.1: Comparison of laminar and turbulent flows 

 

1.1.2 Flow dynamics and energy conditions 

The dynamics of flow refer to how velocity, depth, and slope interact to control sediment 
transport. High-energy flows can carry larger particles such as gravel, while low-energy 
flows deposit finer materials like silt and clay.   

Energy conditions are crucial in determining depositional environments. For example, 
braided rivers with high energy deposit coarse sediments, while meandering rivers with 
lower energy deposit finer sediments.   

 

Fill in the blank: High-energy flows are capable of transporting ______ particles, while low-
energy flows deposit finer materials.   
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Sediment Deposition vs. Flow Energy 

Flow Level Description of Flow 
Sediment Size & Rock 
Examples 

Very Low 
Still or Slack Water (e.g., deep ocean, lakes, 
lagoons) Clay, Silt (Mudstone, Shale) 

Low–
Medium 

Gentle Currents (e.g., slow-moving rivers, 
continental shelves) Sand (Sandstone) 

Medium–
High 

Strong Currents (e.g., mountain streams, floods, 
surf zones) 

Gravel, Pebbles 
(Conglomerate) 

Very High 
Rapid or Torrential Flow (e.g., flash floods, 
tsunamis, glacial outwash) 

Cobbles, Boulders (Massive 
Breccia) 

 

Table 1.1: Relationship between flow energy and sediment size 

 

1.1.3 Bed forms and their relationship to flow properties 

Bed forms are structures created on the sediment surface by flowing water or wind. They 
provide clues about flow velocity and direction. Common bed forms include:   

- Ripples: small undulations formed under gentle currents.   

- Dunes: larger structures formed under stronger currents.   

- Plane beds: flat surfaces formed under very high or very low flow velocities.   

These bed forms are preserved in sedimentary rocks and serve as indicators of past flow 
conditions.   

 

Fill in the blank: Small undulations formed under gentle currents are known as .   
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Plate 1.1: Examples of bed forms in a river environment 

 

Pilot questions 1.1 

1. Which type of flow is characterised by chaotic mixing and eddies?   

2. What sediment size is typically deposited in low-energy environments?   

3. Name two common bed forms created by flowing water.   

4. What does the presence of ripples in a rock sequence indicate about past flow 
conditions?   

5. How do braided rivers differ from meandering rivers in terms of energy and sediment 
deposition?   

1.2 Sedimentary Facies and Walther’s Law 
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Sedimentary facies are fundamental to interpreting depositional environments. They 
provide a window into the processes that shaped ancient landscapes and basins. In this 
Part, we shall define facies, examine Walther’s Law, and explore how facies models are 
applied in geological studies.   

 

1.2.1 Definition of facies and their characteristics 

A sedimentary facies is a body of rock with specific characteristics that reflect the 
conditions of deposition. These characteristics may include grain size, sedimentary 
structures, fossil content, and mineral composition. Facies are used to reconstruct past 
environments and to correlate rock units across regions.   

Facies can be classified into different types such as lithofacies (based on rock properties), 
biofacies (based on fossil content), and chronofacies (based on time of deposition). Each 
type provides unique insights into depositional history.   

 

Fill in the blank: A body of rock with specific characteristics that reflect the conditions of 
deposition is called a .   
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Figure 1.2: Examples of lithofacies, biofacies, and chronofacies 

 

1.2.2 Walther’s Law of Facies: concept and applications 

Walther’s Law of Facies states that the vertical succession of facies reflects lateral changes 
in depositional environments, provided there is no break in sedimentation. In simpler terms, 
environments that are adjacent in space will appear stacked in sequence when preserved 
in the rock record.   

This principle is crucial for interpreting stratigraphic successions. For example, a vertical 
sequence showing marine facies overlain by coastal facies suggests a regression of the 
sea.   
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Fill in the blank: Walther’s Law of Facies states that vertical successions of facies reflect 
_____ changes in depositional environments.   

 

Summary of Walther’s Law of Facies (1894) 
- Principle: The vertical succession of sedimentary facies reflects lateral changes in 
depositional environments. 

- Meaning: Sedimentary environments that are adjacent in space will appear stacked in 
sequence when preserved in the rock record. 

- Implication: Only facies that were once side-by-side can occur on top of each other in 
stratigraphic layers. 

- Application: Helps geologists reconstruct past environments, interpret 
transgressions/regressions (sea-level changes), and correlate strata across regions. 

- Limitation: Requires continuous deposition without major breaks (unconformities) or 
tectonic disturbances. 

Box 1.1: Key points of Walther’s Law 

 

1.2.3 Facies models in depositional environments 

Facies models are conceptual frameworks that describe the typical arrangement of facies 
in specific depositional environments. They help geologists predict the distribution of rock 
types and interpret basin evolution.   

 

Examples include:   

- Alluvial fan facies model: characterised by coarse sediments deposited near mountain 
fronts.   

- Deltaic facies model: showing a transition from river-dominated to marine-influenced 
deposits.   

- Deep marine facies model: dominated by fine-grained sediments and turbidites.   

Facies models are widely applied in petroleum geology, groundwater studies, and basin 
analysis.   

 

Fill in the blank: A conceptual framework that describes the typical arrangement of facies in 
a depositional environment is called a _____ model.   
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Figure 1.3: Examples of facies models in different depositional settings 

 

Pilot questions 1.2 

1. What is the definition of a sedimentary facies?   

2. Name two types of facies and the criteria used to classify them.   

3. What does Walther’s Law of Facies explain about vertical successions?   

4. Which facies model is characterised by coarse sediments near mountain fronts?   

5. How are facies models useful in basin analysis?   

 

1.3 Controls on Sedimentation 
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Sedimentation is influenced by a variety of controls that determine how, where, and when 
sediments are deposited. These controls can be grouped into physical, chemical, and 
biological factors. In this Part, we shall examine each of these controls and their role in 
shaping depositional environments.   

 

1.3.1 Physical controls (climate, tectonics, relief) 

Physical controls refer to natural forces and conditions that directly affect sediment supply 
and deposition.   

- Climate influences the type and amount of sediment available. For example, arid climates 
favour wind-blown deposits, while humid climates encourage river and deltaic systems.   

- Tectonics determine the creation of basins and uplift of source areas, thereby controlling 
sediment pathways.   

- Relief refers to the slope and elevation of the land surface, which affects the speed and 
energy of sediment transport.   

 

Fill in the blank: The slope and elevation of the land surface, which affects sediment 
transport, is referred to as ________.   
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Figure 1.4: Physical controls on sedimentation 

 

1.3.2 Chemical controls (composition, diagenesis) 

Chemical controls involve the composition of sediments and the processes that alter them 
after deposition.   

- Composition of sediments, such as mineral content, determines their stability and 
weathering behaviour.   

- Diagenesis refers to the chemical, physical, and biological changes that occur in 
sediments after deposition, including cementation and recrystallisation.   

These processes can enhance or reduce porosity, which is critical in reservoir studies.   

Fill in the blank: The process of chemical, physical, and biological changes that occur in 
sediments after deposition is called ________.   
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Summary of Common Diagenetic Processes 

Process Description Resulting Change 

Compaction 
Overlying weight squeezes grains together, 
expelling pore water. 

Reduced porosity and volume; 
typical in shales. 

Cementation 

Minerals (usually Calcite, Quartz, or Iron 
Oxide) precipitate from groundwater into 
pore spaces. 

Binds grains together to form a 
solid rock (e.g., Sandstone). 

Dissolution 
Acidic or chemically active fluids dissolve 
unstable minerals. 

Increases secondary porosity 
(important for oil/water 
reservoirs). 

Recrystallization 

Unstable minerals change into more stable 
forms without changing chemical 
composition. 

E.g., Aragonite shells turning 
into stable Calcite. 

Authigenesis 
Formation of "new" minerals within the 
sediment during burial. 

Common formation of clay 
minerals or glauconite. 

Replacement One mineral is dissolved and 
simultaneously replaced by another. 

E.g., Wood replaced by Silica 
(petrified wood). 

 

Box 1.2: Examples of diagenetic processes 

 

1.3.3 Biological controls (organisms, bioturbation) 

Biological controls are the influences of living organisms on sedimentation.   

- Organisms such as corals, molluscs, and plants contribute to sediment production and 
accumulation.   

- Bioturbation refers to the disturbance of sediments by organisms, which can modify 
sedimentary structures and affect porosity.   

Biological activity often leaves distinctive signatures in the rock record, helping geologists 
interpret depositional environments.   

 

Fill in the blank: The disturbance of sediments by organisms, which modifies sedimentary 
structures, is known as ________.   
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Plate 1.2: Evidence of bioturbation in sedimentary rocks 

 

Pilot questions 1.3 

1. Which physical control determines the creation of basins and uplift of source areas?   

2. What is the term used for chemical changes in sediments after deposition?   

3. How does climate influence sediment deposition in arid versus humid regions?   

4. What effect does bioturbation have on sedimentary structures?   

5. Why is diagenesis important in reservoir studies?   

 

1.4 Significance of Flows and Facies in Basin Analysis 
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Sedimentary flows and facies are more than descriptive concepts, they are analytical tools 
that allow geologists to reconstruct depositional environments, interpret basin evolution, 
and evaluate natural resources. In this Part, we shall consider their role in stratigraphy, 
basin studies in Africa, and their economic implications.   

 

1.4.1 Facies interpretation in stratigraphy 

Stratigraphy is the study of rock layers and their arrangement in time and space. Facies 
provide essential evidence for interpreting stratigraphic successions. For example, a 
vertical sequence of marine facies overlain by coastal facies may indicate a regression of 
the sea.   

Facies interpretation enables geologists to correlate rock units across regions, reconstruct 
depositional environments, and predict the distribution of sedimentary bodies.   

 

Fill in the blank: A vertical sequence of marine facies overlain by coastal facies may indicate 
a ____ of the sea.   
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Figure 1.5: Facies interpretation in stratigraphy 

 

1.4.2 Application to African sedimentary basins 

African sedimentary basins provide excellent case studies for applying facies analysis. 
Basins such as the Niger Delta, Congo Basin, and Karoo Basin reveal diverse depositional 
environments ranging from fluvial systems to deep marine settings.   

By examining facies in these basins, geologists can reconstruct their geological evolution 
and identify potential reservoirs for hydrocarbons, groundwater, and other resources.   

 

Fill in the blank: The Karoo Basin is an example of a _____ depositional setting in Africa.   
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Plate 1.3: Facies variation in an African sedimentary basin 

 

1.4.3 Economic implications (resources linked to facies) 

Facies analysis is critical in identifying economic resources.   

- Hydrocarbons: Reservoir rocks are often associated with porous facies such as 
sandstones deposited in fluvial or deltaic environments.   

- Groundwater: Aquifers are commonly found in permeable facies such as sandstones and 
limestones.   

- Minerals: Certain facies may host economically valuable minerals, for example, evaporite 
facies containing salts.   
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Understanding the link between facies and resources allows geologists to evaluate 
exploration potential and manage natural resources effectively.   

 

Fill in the blank: Aquifers are commonly found in permeable facies such as ______ and 
limestones.   

 

Economic Resources by Sedimentary Facies 

Facies Type 

Typical 
Sedimentary 
Environment 

Primary Resources 
Found 

Economic Significance 

Alluvial Fan / 
Fluvial 

Mountain fronts, 
river channels 

Groundwater, Placer 
Gold, Uranium 

High-yield aquifers; "Placer" 
deposits of heavy metals like gold 
and tin. 

Deltaic 
River mouths (e.g., 
Niger Delta) 

Oil, Natural Gas, 
Coal 

Rapid burial of organic matter 
creates major hydrocarbon 
"source" and "reservoir" rocks. 

Shallow 
Marine 
(Shelf) 

Continental 
shelves, beaches 

Silica Sand, 
Carbonates, 
Phosphates 

High-purity sand for glass; 
limestone for cement; phosphates 
for fertilizer. 

Deep Marine 
Abyssal plains, 
submarine fans 

Natural Gas 
(Turbidites), 
Manganese 

Large-scale gas reservoirs in "sand 
lobes"; manganese nodules on the 
sea floor. 

Evaporite 
Arid basins, 
restricted lagoons 

Halite (Salt), 
Gypsum, Potash 

Critical for chemical industries, 
construction (drywall), and 
agriculture. 

Paludal 
(Swamp) 

Coastal or inland 
wetlands 

Coal 
Massive accumulation of plant 
debris in low-oxygen water forms 
coal seams. 

 

Box 1.3: Examples of economic resources linked to facies 

 

Pilot questions 1.4 

1. What does a vertical succession of facies indicate in stratigraphy?   

2. Name one African sedimentary basin and its dominant depositional environment.   

3. Which facies are commonly associated with hydrocarbon reservoirs?   
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4. How does facies analysis assist in groundwater exploration?   

5. What type of facies is linked to evaporite minerals?   

 

Series Summary 

This Series has introduced you to the fundamentals of sedimentary flows and facies, laying 
the foundation for interpreting depositional environments and basin evolution. Its purpose 
has been to help you appreciate how flows transport and deposit sediments, how facies 
record these processes, and how both concepts are essential in stratigraphic and basin 
analysis.   

We began by examining the properties of sedimentary flows, including their dynamics and 
the bed forms they produce. We then explored sedimentary facies and Walther’s Law, 
highlighting how facies relationships provide insights into depositional settings. Following 
that, we considered the physical, chemical, and biological controls on sedimentation, 
before concluding with the significance of flows and facies in basin analysis, particularly in 
African basins and their economic implications. By completing this Series, you should now 
be able to define types of flows, explain their influence on bed forms, illustrate the principles 
of facies and Walther’s Law, analyse the controls on sedimentation, and evaluate the role 
of flows and facies in stratigraphy and resource exploration, as outlined in the Series 
Learning Outcomes. 

 

Glossary of Terms 

- Aquifer: A body of rock or sediment that can store and transmit groundwater, usually found 
in permeable facies such as sandstones or limestones.   

 

- Bed forms: Structures created on the sediment surface by flowing water or wind, such as 
ripples, dunes, or plane beds, which indicate past flow conditions.   

 

- Bioturbation: The disturbance of sediments by organisms, such as burrowing animals, 
which alters sedimentary structures and can affect porosity.   

 

- Chronofacies: A type of facies defined by the time of deposition, helping geologists to 
understand the chronological sequence of sedimentary environments.   

 

- Diagenesis: The physical, chemical, and biological changes that occur in sediments after 
deposition, including processes such as cementation and recrystallisation.   

 



 

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

- Facies: A body of rock with specific characteristics, such as grain size, fossil content, or 
mineral composition, that reflect the conditions of deposition.   

 

- Facies model: A conceptual framework describing the typical arrangement of facies in a 
depositional environment, used to predict rock distribution and basin evolution.   

 

- Hydrocarbons: Natural compounds such as oil and gas that are often found in reservoir 
rocks associated with specific facies like sandstones.   

 

- Laminar flow: A type of sedimentary flow in which fluid particles move in parallel layers 
with little or no mixing, typical of low-energy environments.   

 

- Lithofacies: A type of facies classified based on rock properties such as grain size, texture, 
and sedimentary structures.   

 

- Sedimentary flow: The movement of a fluid, such as water, air, or ice, that transports and 
deposits sediment particles.   

 

- Stratigraphy: The study of rock layers and their organisation in time and space, used to 
interpret depositional history and correlate rock units.   

 

- Turbulent flow: A type of sedimentary flow characterised by chaotic mixing and eddies, 
common in rivers, deltas, and storm-driven marine environments.   

 

- Walther’s Law of Facies: A principle stating that vertical successions of facies reflect 
lateral changes in depositional environments, provided there is no break in sedimentation. 

 

Concept Check Questions [Series 1] 

Objective questions   

1. Which type of sedimentary flow is characterised by chaotic mixing and eddies? (Linked to 
SLO 2.1)   

2. Walther’s Law of Facies states that vertical successions of facies reflect  changes in 
depositional environments. (Linked to SLO 2.3)   

3. Which facies type is classified based on fossil content? (Linked to SLO 2.3)   
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4. What process refers to chemical, physical, and biological changes in sediments after 
deposition? (Linked to SLO 2.4)   

5. Reservoir rocks associated with hydrocarbons are often found in  facies such as 
sandstones. (Linked to SLO 2.5)   

 

Short-answer questions   

6. Define a sedimentary facies and explain its importance in depositional analysis. (Linked 
to SLO 2.3)   

7. Describe the difference between laminar and turbulent flows. (Linked to SLO 2.1)   

8. Identify two physical controls on sedimentation and explain their influence. (Linked to 
SLO 2.4)   

9. Explain how facies interpretation assists in stratigraphic correlation. (Linked to SLO 2.5)   

10. Give one example of an African sedimentary basin and state its dominant depositional 
environment. (Linked to SLO 2.5)   

 

Long-answer questions   

11. Analyse how flow dynamics influence the formation of bed forms, and discuss how these 
bed forms can be used to interpret past depositional environments. (Linked to SLO 2.2)   

12. Evaluate the significance of facies models in basin analysis, with reference to their 
application in African sedimentary basins. (Linked to SLO 2.5)   

 

--- 

 

Answers to Concept Check Questions [Series 1] 

 

Objective questions   

1. Turbulent flow.   

2. Lateral.   

3. Biofacies.   

4. Diagenesis.   

5. Fluvial or deltaic.   

 

Short-answer questions   
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6. A sedimentary facies is a body of rock with specific characteristics that reflect 
depositional conditions. It is important because it helps geologists reconstruct past 
environments and correlate rock units.   

7. Laminar flow involves fluid particles moving in parallel layers with little mixing, while 
turbulent flow involves chaotic mixing and eddies.   

8. Climate influences sediment type and supply, while tectonics create basins and uplift 
source areas, controlling sediment pathways.   

9. Facies interpretation helps geologists match rock units across regions and understand 
depositional changes through time.   

10. The Niger Delta, dominated by fluvial and deltaic depositional environments.   

 

Long-answer questions   

11.   

- Basic response: Flow dynamics, such as velocity and energy, influence bed forms. Gentle 
currents produce ripples, stronger currents form dunes, and very high or low velocities 
create plane beds. These bed forms are preserved in rocks and indicate past flow 
conditions.   

- Value-added response: Beyond basic interpretation, bed forms can also reveal 
palaeocurrent directions, sediment transport pathways, and energy fluctuations within 
depositional systems. This information is vital for reconstructing basin evolution and 
predicting reservoir quality.   

 

12.   

- Basic response: Facies models describe typical arrangements of facies in depositional 
environments. They help predict rock distribution and interpret basin evolution.   

- Value-added response: In African basins, facies models are applied to petroleum 
exploration, groundwater studies, and mineral resource evaluation. For example, deltaic 
facies models in the Niger Delta guide hydrocarbon exploration, while deep marine facies 
models in the Congo Basin assist in understanding turbidite reservoirs.   

 

Answers to Pilot Questions [Series 1] 

Part 1.1   

- Turbulent flow.   

- Coarse particles such as gravel.   

- Ripples and dunes.   
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- Gentle current conditions.   

- Braided rivers have higher energy and deposit coarse sediments, while meandering rivers 
have lower energy and deposit finer sediments.   

 

Part 1.2   

- A sedimentary facies.   

- Lithofacies and biofacies.   

- Lateral changes in depositional environments.   

- Alluvial fan facies model.   

- They help predict rock distribution and interpret basin evolution.   

 

Part 1.3   

- Tectonics.   

- Diagenesis.   

- Arid climates favour wind-blown deposits, while humid climates encourage river and 
deltaic systems.   

- It modifies sedimentary structures.   

- It affects porosity, which is critical in reservoir studies.   

 

Part 1.4   

- Transgression or regression of depositional environments.   

- Niger Delta, dominated by fluvial and deltaic environments.   

- Fluvial or deltaic facies such as sandstones.   

- It identifies permeable facies that can store and transmit groundwater.   

- Evaporite facies. 

 

References and Attributions [Series 1] 

The following references and attributions cover all in-text sources, illustration placeholders, 
and suggested open educational resources (OERs) used in Series 1: Introduction to 
Sedimentary Flows and Facies. References are presented in APA style for clarity and 
consistency.   

 



 

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

General References   

- Boggs, S. (2012). Principles of sedimentology and stratigraphy (5th ed.). Pearson 
Education.   

- Nichols, G. (2009). Sedimentology and stratigraphy (2nd ed.). Wiley-Blackwell.   

- Reading, H. G. (1996). Sedimentary environments: Processes, facies and stratigraphy (3rd 
ed.). Blackwell Science.   

 

Illustrations and Attributions   

 

- Figure 1.1: Comparison of laminar and turbulent flows   

  - AI-generated prompt: “Generate a simple diagram comparing laminar and turbulent flow 
patterns in sedimentary environments.”   

  - Suggested OER source: “laminar vs turbulent flow diagram geology OER.”   

 

- Table 1.1: Relationship between flow energy and sediment size   

  - AI-generated prompt: “Create a table showing sediment sizes deposited under different 
flow energy conditions.”   

  - Suggested OER source: “sediment size vs flow energy table OER geology.”   

 

- Plate 1.1: Examples of bed forms in a river environment   

  - AI-generated prompt: “Generate a realistic photograph of ripples and dunes in a shallow 
river bed.”   

  - Suggested OER source: “ripples dunes river bed geology OER image.”   

 

- Figure 1.2: Examples of lithofacies, biofacies, and chronofacies   

  - AI-generated prompt: “Generate a diagram illustrating lithofacies, biofacies, and 
chronofacies in a sedimentary basin.”   

  - Suggested OER source: “sedimentary facies types diagram geology OER.”   

 

- Box 1.1: Key points of Walther’s Law   

  - AI-generated prompt: “Create a text box summarising the main principles of Walther’s 
Law of Facies.”   

  - Suggested OER source: “Walther’s Law geology summary OER.”   
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- Figure 1.3: Examples of facies models in different depositional settings   

  - AI-generated prompt: “Generate a diagram comparing facies models for alluvial fan, 
deltaic, and deep marine environments.”   

  - Suggested OER source: “facies models depositional environments diagram OER.”   

 

- Figure 1.4: Physical controls on sedimentation   

  - AI-generated prompt: “Generate a diagram illustrating how climate, tectonics, and relief 
influence sediment deposition.”   

  - Suggested OER source: “physical controls on sedimentation geology diagram OER.”   

 

- Box 1.2: Examples of diagenetic processes   

  - AI-generated prompt: “Create a text box summarising common diagenetic processes 
such as cementation and recrystallisation.”   

  - Suggested OER source: “diagenesis processes geology summary OER.”   

 

- Plate 1.2: Evidence of bioturbation in sedimentary rocks   

  - AI-generated prompt: “Generate a photograph showing bioturbated sediment layers with 
visible burrows.”   

  - Suggested OER source: “bioturbation sedimentary rocks OER image.”   

 

- Figure 1.5: Facies interpretation in stratigraphy   

  - AI-generated prompt: “Generate a diagram of a stratigraphic column showing vertical 
succession of facies and depositional changes.”   

  - Suggested OER source: “stratigraphic column facies succession diagram OER.”   

 

- Plate 1.3: Facies variation in an African sedimentary basin   

  - AI-generated prompt: “Generate a photograph of sedimentary outcrops showing facies 
variation in an African basin.”   

  - Suggested OER source: “African sedimentary basin facies outcrop OER image.”   

 

- Box 1.3: Examples of economic resources linked to facies   

  - AI-generated prompt: “Create a text box listing hydrocarbons, groundwater, and minerals 
associated with specific facies.”   
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  - Suggested OER source: “economic resources facies geology summary OER.”   

 

 

Course code: GEY 305 

Course title: Fundamentals of Sedimentary Flows and 
Facies.  

Units: 2 Units 

List of Series 

Series 1: Fundamentals of Sedimentary Flows and Facies   

Series 2: Depositional Environments: Marine and Continental Systems   

Series 3: Classification and Analysis of Sedimentary Settings  

Series 4: Paleoenvironmental Criteria and Sedimentation Controls   

Series 5: Stratigraphy and Evolution of African Sedimentary Basins   

 

2.1 Marine depositional environments   

- 2.1.1 Shallow marine settings (beaches, lagoons, tidal flats)   

- 2.1.2 Shelf environments (storm deposits, biogenic sediments)   

- 2.1.3 Deep marine environments (turbidites, pelagic sediments)   

 

2.2 Continental depositional environments   

- 2.2.1 Fluvial systems (braided and meandering rivers)   

- 2.2.2 Aeolian systems (sand dunes and loess deposits)   

- 2.2.3 Glacial environments (till, outwash, varves)   

 

2.3 Transitional depositional environments   

- 2.3.1 Deltaic systems (river-dominated, wave-dominated, tide-dominated deltas)   

- 2.3.2 Estuarine environments (tidal channels, mudflats, salt marshes)   

- 2.3.3 Coastal wetlands (swamps and mangroves)   

 

2.4 Comparative analysis of marine and continental systems   
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- 2.4.1 Key similarities and differences in processes and deposits   

- 2.4.2 Facies associations across boundaries   

- 2.4.3 Implications for basin evolution and resource exploration 

 

Introduction 

Sedimentary environments are the settings where sediments are deposited, and they vary 
greatly depending on whether they are located on land, at the coast, or beneath the sea. 
Each environment leaves behind distinctive signatures in the rock record, allowing 
geologists to reconstruct past landscapes and understand basin evolution. Building on the 
fundamentals of flows and facies explored in the previous Series, this Series turns to the 
specific depositional environments themselves, highlighting the differences and 
connections between marine and continental systems.   

The aim of this Series is to familiarise you with the major depositional environments found 
in marine and continental settings, and to equip you with the ability to analyse their 
processes, facies associations, and significance for basin development and resource 
exploration.   

We shall commence this Series by examining marine depositional environments, beginning 
with shallow marine settings and progressing to shelf and deep marine systems. Next, we 
will explore continental environments such as fluvial, aeolian, and glacial systems. 
Following that, we will consider transitional environments including deltas, estuaries, and 
coastal wetlands, which bridge the marine and continental domains. Finally, we will wrap 
up by comparing marine and continental systems, highlighting their similarities, differences, 
and implications for basin evolution and resource distribution. 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to:   

- SLO 2.1 describe the key depositional processes and facies associations in marine 
environments, including shallow, shelf, and deep marine settings,   

- SLO 2.2 explain the characteristics of continental depositional environments such as 
fluvial, aeolian, and glacial systems,   

- SLO 2.3 analyse transitional depositional environments, including deltaic, estuarine, and 
coastal wetlands, and interpret their significance in basin development,   

- SLO 2.4 evaluate the similarities and differences between marine and continental 
depositional systems, highlighting their implications for basin evolution and resource 
exploration.   
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2.1 Marine Depositional Environments 

Marine depositional environments are settings within the ocean where sediments are 
transported, deposited, and preserved. These environments range from shallow coastal 
zones to the deep ocean floor, each with distinctive processes and sedimentary products. 
Understanding them is crucial for interpreting the rock record and reconstructing basin 
evolution.   

 

2.1.1 Shallow marine settings 

Shallow marine environments include beaches, lagoons, and tidal flats. These areas are 
strongly influenced by waves, tides, and currents, which control sediment transport and 
deposition.   

- Beaches are dominated by wave action, producing well-sorted sands with characteristic 
structures such as cross-bedding.   

- Lagoons are semi-enclosed bodies of water where fine sediments and organic matter 
accumulate.   

- Tidal flats are low-lying areas periodically flooded by tides, often showing ripple marks and 
mud cracks.   

 

Fill in the blank: Semi-enclosed bodies of water where fine sediments and organic matter 
accumulate are called .   
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Plate 2.1: Sedimentary structures in a tidal flat environment 

 

2.1.2 Shelf environments 

Shelf environments extend from the shoreline to the edge of the continental shelf. They are 
influenced by storms, waves, and biological activity.   

- Storm deposits (also called tempestites) are formed by episodic high-energy events, 
leaving behind graded beds and hummocky cross-stratification.   

- Biogenic sediments such as shells and corals contribute to carbonate-rich deposits, 
especially in tropical shelves.   

 



 

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

Fill in the blank: Sediments formed by episodic high-energy events on the continental shelf 
are called .   

 

 

 
Figure 2.1: Sediment types in shelf environments 

 

2.1.3 Deep marine environments 

Deep marine environments occur beyond the continental shelf, including continental 
slopes, rises, and abyssal plains. Sedimentation here is dominated by gravity-driven flows 
and fine-grained settling.   

- Turbidites are deposits formed by turbidity currents, typically showing graded bedding.   

- Pelagic sediments consist of fine particles such as clay and biogenic material (e.g., shells 
of microorganisms) that settle slowly through the water column.   

 

Fill in the blank: Deposits formed by turbidity currents and characterised by graded bedding 
are known as ________.   
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Figure 2.2: Turbidite formation in deep marine environments 

 

Pilot questions 2.1 

1. What are the main depositional features of beaches in shallow marine settings?   

2. Which type of sediments are formed by episodic high-energy events on the continental 
shelf?   

3. Name two examples of biogenic sediments in shelf environments.   

4. What type of bedding is characteristic of turbidites?   

5. How do pelagic sediments differ from storm deposits in terms of origin and composition?   
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2.2 Continental Depositional Environments 

Continental depositional environments are those found on land, away from direct marine 
influence. They include rivers, deserts, and glacial regions, each with distinctive processes 
and sedimentary products. Studying these environments helps geologists reconstruct 
ancient landscapes and understand how sediments are transported and preserved in 
terrestrial settings.   

 

2.2.1 Fluvial systems (braided and meandering rivers) 

Fluvial systems are depositional environments dominated by rivers and streams. They 
transport sediments from upland areas to basins, creating characteristic deposits.   

- Braided rivers consist of multiple channels separated by bars of sand and gravel. They are 
associated with high sediment supply and variable discharge.   

- Meandering rivers have single sinuous channels with point bars and floodplains. They 
deposit finer sediments such as silt and clay.   

 

Fill in the blank: Rivers with multiple channels separated by bars of sand and gravel are 
called  rivers.   
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Figure 2.3: Comparison of braided and meandering rivers 

 

2.2.2 Aeolian systems (sand dunes and loess deposits) 

Aeolian systems are depositional environments shaped by wind activity. They are common 
in arid and semi-arid regions.   

- Sand dunes are formed by wind-blown sand, often showing large-scale cross-bedding.   

- Loess deposits are fine-grained wind-blown sediments, typically silt, that blanket large 
areas and form fertile soils.   
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Fill in the blank: Fine-grained wind-blown sediments that blanket large areas and form fertile 
soils are called  deposits.   

 

 

 
Plate 2.2: Aeolian sand dunes with cross-bedding 

 

2.2.3 Glacial environments (till, outwash, varves) 

Glacial environments are depositional settings influenced by ice movement and meltwater. 
They produce distinctive sediments and landforms.   

- Till is unsorted sediment deposited directly by glaciers.   

- Outwash consists of stratified sands and gravels deposited by meltwater streams.   
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- Varves are annual layers of fine and coarse sediments deposited in glacial lakes, reflecting 
seasonal changes.   

 

Fill in the blank: Annual layers of fine and coarse sediments deposited in glacial lakes are 
called .   

 

 
Figure 2.4: Sediment types in glacial depositional settings 

 

Pilot questions 2.2 

1. What are the main differences between braided and meandering rivers?   

2. Which aeolian deposit is fine-grained and forms fertile soils?   

3. Name two sedimentary features typical of sand dunes.   

4. What type of sediment is deposited directly by glaciers without sorting?   

5. How do varves reflect seasonal changes in glacial lakes?   
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2.3 Transitional Depositional Environments 

Transitional depositional environments are those that lie between marine and continental 
domains. They are influenced by both terrestrial and marine processes, making them 
complex but highly significant in basin analysis. These environments include deltas, 
estuaries, and coastal wetlands, each with distinctive features and sedimentary products.   

 

2.3.1 Deltaic systems 

Deltaic systems form where rivers meet the sea or a lake, depositing sediments that build 
out into the standing body of water.   

- River-dominated deltas are controlled mainly by fluvial processes, producing lobes of sand 
and mud.   

- Wave-dominated deltas are shaped by coastal wave activity, redistributing sediments 
along shorelines.   

- Tide-dominated deltas are influenced by tidal currents, creating elongated sand bodies 
and tidal channels.   

 

Fill in the blank: Deltas shaped primarily by coastal wave activity are called  deltas.   
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Figure 2.5: Types of deltaic systems 

 

2.3.2 Estuarine environments 

Estuarine environments are semi-enclosed coastal bodies of water where rivers meet the 
sea, influenced by both tidal and fluvial processes.   

- Tidal channels transport sediments back and forth with tidal currents.   

- Mudflats accumulate fine-grained sediments during slack water conditions.   

- Salt marshes are vegetated areas that trap sediments and organic matter, contributing to 
coastal stability.   

 

Fill in the blank: Semi-enclosed coastal bodies of water where rivers meet the sea are called 
.   
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Plate 2.3: Sedimentary features in an estuarine environment 

 

2.3.3 Coastal wetlands 

Coastal wetlands include swamps and mangroves, which are vegetated environments at 
the land-sea interface.   
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- Swamps are waterlogged areas dominated by freshwater vegetation, often accumulating 
organic-rich sediments.   

- Mangroves are salt-tolerant forests found in tropical coastal zones, stabilising shorelines 
and trapping fine sediments.   

 

Fill in the blank: Salt-tolerant forests found in tropical coastal zones are called .   

 

 

 
Figure 2.6: Coastal wetlands and sedimentation 

 

Pilot questions 2.3 

1. What are the three main types of deltaic systems?   
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2. Which depositional features are typical of estuarine environments?   

3. What role do salt marshes play in sediment accumulation?   

4. Name two types of coastal wetlands.   

5. How do mangroves contribute to shoreline stability?   

 

2.4 Comparative Analysis of Marine and Continental 
Systems 

Marine and continental depositional systems may appear distinct, but they share important 
similarities and differences in processes, facies, and resource implications. By comparing 
them, we gain a deeper understanding of how sediments are distributed across basins and 
how transitions between environments shape the rock record.   

 

2.4.1 Key similarities and differences in processes and deposits 

Both marine and continental systems involve the transport and deposition of sediments, yet 
the controlling agents differ.   

- Marine systems are dominated by waves, tides, currents, and gravity-driven flows.   

- Continental systems are shaped by rivers, wind, and ice.   

Despite these differences, both systems produce characteristic facies that can be 
recognised in the stratigraphic record. For example, graded bedding may occur in both 
turbidites (marine) and fluvial channel deposits (continental).   

 

Fill in the blank: Sediments deposited by wind activity in deserts belong to  systems.   

 

Comparison of Depositional Environments 

Category Environment Dominant Processes Typical Sedimentary Products 

Continental Alluvial Fan 
Gravity (debris flows), flash 

floods. 

Coarse, angular Breccia and 

Conglomerate. 

 Fluvial (Rivers) 
Unidirectional water flow; high 

to low energy. 

Sandstone (with cross-bedding), 

Siltstone, and Shale. 

 
Aeolian 

(Desert) 

Wind transport; very high 

sorting. 

Well-sorted Sandstone with large-

scale cross-beds. 

 
Lacustrine 

(Lake) 

Low-energy settling; chemical 

precipitation. 

Laminated Shale, Freshwater 

Limestone, or Evaporites. 
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 Glacial Moving ice; no sorting by size. 
Tillite (unsorted "rock flour" to 

boulders). 

Transitional Deltaic 
River flow meets standing 

water. 

Sandstone (mouth bars), Coal 

(swamps), and Shale. 

 Tidal Flat Tidal currents (ebb and flow). 
Mudstone with ripples, mud cracks, 

and flaser bedding. 

 Beach / Barrier 
Wave action and longshore 

drift. 

Well-sorted, mature Quartz 

Sandstone. 

Marine 
Continental 

Shelf 

Waves and tides; biological 

activity. 

Fossiliferous Limestone or 

Glauconitic Sandstone. 

 Deep Marine 
Turbidity currents (gravity 

flows). 

Turbidites (graded bedding: 

sandstone to shale). 

 Abyssal Plain 
Slow settling from the water 

column. 

Pelagic Clay, Chert, and Micritic 

Limestone. 

 

Table 2.1: Comparison of marine and continental depositional processes 

 

2.4.2 Facies associations across boundaries 

Facies associations often cross boundaries between marine and continental systems, 
especially in transitional environments.   

- Deltaic deposits show a mix of fluvial sands and marine muds.   

- Estuarine sequences combine tidal structures with riverine sediments.   

- Coastal wetlands trap both terrestrial organic matter and marine clays.   

These associations highlight the continuity of depositional processes across environments 
and the importance of Walther’s Law in interpreting vertical successions.   

 

Fill in the blank: A depositional environment that combines tidal structures with riverine 
sediments is called an .   
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Figure 2.7: Facies associations across depositional boundaries 

 

2.4.3 Implications for basin evolution and resource exploration 

Comparing marine and continental systems is vital for basin analysis and resource 
exploration.   

- Hydrocarbons: Reservoirs may occur in both fluvial sandstones and marine turbidites.   

- Groundwater: Aquifers are often found in continental sandstones but may also occur in 
marine carbonates.   

- Minerals: Evaporite deposits form in transitional zones, linking marine and continental 
processes.   

By evaluating these systems together, geologists can better predict resource distribution 
and understand how basins evolve through time.   
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Fill in the blank: Reservoirs may occur in both fluvial sandstones and marine .   

 

Resource Summary: Continental vs. Marine Systems 

Resource 

Type 

Continental Systems (Rivers, Deserts, 

Lakes) 

Marine Systems (Shelves, Slopes, 

Deep Sea) 

Hydrocarbons 

Coal & Natural Gas: Formed in inland 

swamps and lakes where massive amounts 

of plant matter accumulate. 

Oil & Natural Gas: Formed from 

marine plankton buried in low-

oxygen shelf or deep-sea muds. 

Groundwater 

High-Yield Aquifers: Braided river sands 

and glacial outwash provide high 

porosity/permeability for fresh water. 

Brine & Fossil Water: Marine sands 

often contain saline water, though 

coastal aquifers are vital for human 

use. 

Minerals 

Placer Deposits: Heavy minerals (Gold, 

Diamonds, Tin) concentrated by high-

energy river currents. 

Chemical & Fertilizer Minerals: 

Massive deposits of Phosphates (for 

agriculture) and Manganese nodules. 

Industrial 

Materials 

Evaporites: Potash and Gypsum from dried-

up desert lakes (playas). 

Construction Materials: Limestone 

(for cement) and high-purity silica 

sands from ancient beaches. 

Strategic Importance of Facies 

• The "Sponge" (Reservoirs): High-energy facies like aeolian dunes (continental) and 
shelf sand ridges (marine) create the best storage for fluids due to their well-sorted, 
rounded grains. 

• The "Lid" (Seals): Low-energy facies like lacustrine shales (continental) or abyssal 
clays (marine) are impermeable, preventing groundwater or oil from leaking away. 

• The "Cooker" (Source Rocks): Deep marine shales are the primary source for the 
world's liquid petroleum, while continental coals are the primary source for 
methane gas. 

Box 2.1: Resource implications of marine and continental systems 

 

Pilot questions 2.4 

1. What are the main differences between marine and continental depositional processes?   

2. Which depositional environment combines tidal structures with riverine sediments?   

3. Name one facies association that crosses marine and continental boundaries.   

4. Which facies are commonly associated with hydrocarbon reservoirs in marine settings?   
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5. How does comparing marine and continental systems help in basin analysis?   

 

Series Summary 

This Series has focused on depositional environments, helping you to see how sediments 
are transported and preserved in marine, continental, and transitional settings. Its purpose 
has been to build on the concepts of flows and facies introduced earlier, while showing how 
different environments leave distinctive signatures in the rock record and contribute to 
basin development.   

We began with marine environments, exploring shallow coastal zones, shelf settings, and 
deep marine systems. We then moved on to continental environments such as fluvial, 
aeolian, and glacial systems, before considering transitional environments including deltas, 
estuaries, and coastal wetlands. Finally, we compared marine and continental systems, 
highlighting their similarities, differences, and implications for basin evolution and resource 
exploration. By completing this Series, you should now be able to describe marine 
depositional processes (SLO 2.1), explain continental systems (SLO 2.2), analyse 
transitional environments (SLO 2.3), and evaluate the comparative significance of marine 
and continental systems (SLO 2.4). 

 

Glossary of Terms 

- Aeolian systems: Depositional environments shaped by wind activity, common in deserts 
and semi-arid regions, producing features such as sand dunes and loess deposits.   

 

- Abyssal plains: Flat, deep-sea areas of the ocean floor where fine sediments such as clays 
and biogenic material accumulate.   

 

- Biogenic sediments: Sediments formed from the remains of organisms, such as shells, 
corals, or microscopic skeletons, often found in marine environments.   

 

- Braided rivers: River systems with multiple channels separated by bars of sand and gravel, 
associated with high sediment supply and variable water flow.   

 

- Continental shelf: The gently sloping area extending from the shoreline to the edge of the 
deep ocean, where storm deposits and biogenic sediments are common.   

 

- Deltaic systems: Depositional environments formed where rivers meet standing bodies of 
water, producing lobes of sand and mud influenced by river, wave, or tidal processes.   
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- Estuarine environments: Semi-enclosed coastal areas where rivers meet the sea, 
influenced by both tidal currents and fluvial processes, often containing tidal channels, 
mudflats, and salt marshes.   

 

- Facies associations: Groups of facies that occur together and reflect related depositional 
processes, often crossing boundaries between marine, continental, and transitional 
environments.   

 

- Fluvial systems: Depositional environments dominated by rivers and streams, including 
braided and meandering channels, floodplains, and point bars.   

 

- Glacial environments: Settings influenced by ice movement and meltwater, producing 
deposits such as till, outwash, and varves.   

 

- Lagoon: A shallow, semi-enclosed body of water separated from the sea, where fine 
sediments and organic matter accumulate.   

 

- Loess deposits: Fine-grained, wind-blown sediments, usually silt, that blanket large areas 
and form fertile soils.   

 

- Mangroves: Salt-tolerant forests found in tropical coastal zones, stabilising shorelines and 
trapping fine sediments.   

 

- Mudflats: Flat, muddy areas in estuaries or tidal flats where fine sediments settle during 
slack water conditions.   

 

- Pelagic sediments: Fine-grained sediments, including clay and microscopic shells, that 
settle slowly through the water column in deep marine environments.   

 

- Salt marshes: Vegetated coastal areas that trap sediments and organic matter, 
contributing to shoreline stability.   

 

- Sand dunes: Large accumulations of wind-blown sand, often showing cross-bedding, 
typical of aeolian environments.   

 

- Storm deposits (tempestites): Sediments formed by episodic high-energy events on the 
continental shelf, often showing graded bedding and hummocky cross-stratification.   
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- Swamps: Waterlogged areas dominated by freshwater vegetation, accumulating organic-
rich sediments.   

 

- Till: Unsorted sediment deposited directly by glaciers without the influence of water 
sorting.   

 

- Turbidites: Deep marine deposits formed by turbidity currents, typically showing graded 
bedding.   

 

- Varves: Annual layers of fine and coarse sediments deposited in glacial lakes, reflecting 
seasonal changes.   

 

Concept Check Questions [Series 2] 

Objective questions   

1. Which type of delta is shaped primarily by coastal wave activity? (Linked to SLO 2.3)   

2. Deposits formed by turbidity currents and characterised by graded bedding are called . 
(Linked to SLO 2.1)   

3. Fine-grained wind-blown sediments that blanket large areas and form fertile soils are 
known as . (Linked to SLO 2.2)   

4. Annual layers of fine and coarse sediments deposited in glacial lakes are called . (Linked 
to SLO 2.2)   

5. Which depositional environment combines tidal structures with riverine sediments? 
(Linked to SLO 2.3)   

 

Short-answer questions   

6. Describe the main differences between braided and meandering rivers. (Linked to SLO 
2.2)   

7. Explain the role of salt marshes in sediment accumulation. (Linked to SLO 2.3)   

8. Identify two sedimentary features typical of storm deposits on the continental shelf. 
(Linked to SLO 2.1)   

9. State one similarity and one difference between marine and continental depositional 
systems. (Linked to SLO 2.4)   

10. What role do mangroves play in shoreline stability? (Linked to SLO 2.3)   
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Long-answer questions   

11. Analyse the processes and deposits of shallow marine environments, and discuss how 
they can be recognised in the rock record. (Linked to SLO 2.1)   

12. Evaluate the significance of transitional depositional environments in basin 
development, with examples of deltaic and estuarine systems. (Linked to SLO 2.3)   

13. Compare marine and continental depositional systems, highlighting their similarities, 
differences, and implications for resource exploration. (Linked to SLO 2.4)   

 

--- 

 

Answers to Concept Check Questions [Series 2] 

 

Objective questions   

1. Wave-dominated delta.   

2. Turbidites.   

3. Loess deposits.   

4. Varves.   

5. Estuary.   

 

Short-answer questions   

6. Braided rivers have multiple channels separated by bars of coarse sediments, while 
meandering rivers have single sinuous channels with finer deposits such as silt and clay.   

7. Salt marshes trap fine sediments and organic matter, stabilising the coastline and 
contributing to long-term sediment accumulation.   

8. Graded bedding and hummocky cross-stratification.   

9. Similarity: Both systems transport and deposit sediments. Difference: Marine systems are 
controlled by waves, tides, and currents, while continental systems are shaped by rivers, 
wind, and ice.   

10. Mangroves stabilise shorelines by trapping fine sediments and reducing erosion.   

 

Long-answer questions   

11.   
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- Basic response: Shallow marine environments include beaches, lagoons, and tidal flats. 
They are influenced by waves and tides, producing well-sorted sands, ripple marks, and 
mud cracks. These features are preserved in the rock record as indicators of coastal 
deposition.   

- Value-added response: Beyond basic recognition, shallow marine deposits can also reveal 
palaeo-sea levels, energy conditions, and ecological settings. For example, lagoonal muds 
may indicate restricted circulation, while tidal flat structures can be used to infer tidal 
ranges and sediment supply.   

 

12.   

- Basic response: Transitional environments such as deltas and estuaries combine marine 
and continental processes. Deltas deposit sands and muds at river mouths, while estuaries 
accumulate tidal and fluvial sediments. These environments are important in basin 
development because they link terrestrial and marine systems.   

- Value-added response: Transitional environments also play a critical role in resource 
distribution. Deltaic sands often form hydrocarbon reservoirs, while estuarine muds can act 
as seals. Their complex facies associations provide valuable insights into basin evolution 
and palaeoenvironmental reconstruction.   

 

13.   

- Basic response: Marine systems are dominated by waves, tides, and currents, while 
continental systems are shaped by rivers, wind, and ice. Both produce distinctive facies, but 
they differ in processes and sediment types.   

- Value-added response: Comparing these systems highlights their resource implications. 
Marine turbidites and continental sandstones can both serve as hydrocarbon reservoirs, 
while evaporites in transitional zones link the two domains. This comparative analysis is 
essential for predicting resource distribution and understanding basin evolution.   

 

---   

 

This set of concept check questions ensures learners engage with the Series 2 content at 
multiple levels, from recall to analysis and evaluation, directly aligned with the Series 
Learning Outcomes. 

 

Answers to Pilot Questions [Series 2] 

Part 2.1   

- Well-sorted sands with structures such as cross-bedding.   
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- Storm deposits (tempestites).   

- Shells and corals.   

- Graded bedding.   

- Pelagic sediments are fine-grained and biogenic, while storm deposits are coarse and 
formed by episodic high-energy events.   

 

Part 2.2   

- Braided rivers have multiple channels with coarse sediments, while meandering rivers 
have single sinuous channels with finer deposits.   

- Loess deposits.   

- Large-scale cross-bedding and dune structures.   

- Till.   

- Varves alternate between coarse and fine layers, reflecting summer and winter 
deposition.   

 

Part 2.3   

- River-dominated, wave-dominated, and tide-dominated deltas.   

- Tidal channels, mudflats, and salt marshes.   

- They trap sediments and organic matter, stabilising the coastline.   

- Swamps and mangroves.   

- Mangroves stabilise shorelines and trap fine sediments.   

 

Part 2.4   

- Marine systems are controlled by waves, tides, and currents, while continental systems 
are shaped by rivers, wind, and ice.   

- Estuary.   

- Deltaic deposits showing both fluvial sands and marine muds.   

- Turbidites.   

- It helps predict resource distribution and understand basin evolution. 

 

References and Attributions [Series 2] 
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The following references and attributions cover all in-text sources, illustration placeholders, 
and suggested open educational resources (OERs) used in Series 2: Depositional 
Environments in Marine and Continental Settings. References are presented in APA style for 
clarity and consistency.   

 

General References   

- Boggs, S. (2012). Principles of sedimentology and stratigraphy (5th ed.). Pearson 
Education.   

- Nichols, G. (2009). Sedimentology and stratigraphy (2nd ed.). Wiley-Blackwell.   

- Reading, H. G. (1996). Sedimentary environments: Processes, facies and stratigraphy (3rd 
ed.). Blackwell Science.   

 

Illustrations and Attributions   

 

- Plate 2.1: Sedimentary structures in a tidal flat environment   

  - AI-generated prompt: “Generate a photograph of a tidal flat with ripple marks and mud 
cracks.”   

  - Suggested OER source: “tidal flat sedimentary structures OER image.”   

 

- Figure 2.1: Sediment types in shelf environments   

  - AI-generated prompt: “Generate a diagram illustrating storm deposits and biogenic 
sediments across a continental shelf.”   

  - Suggested OER source: “continental shelf storm deposits biogenic sediments diagram 
OER.”   

 

- Figure 2.2: Turbidite formation in deep marine environments   

  - AI-generated prompt: “Generate a diagram showing turbidity currents depositing graded 
beds on a continental slope.”   

  - Suggested OER source: “turbidite deposition continental slope diagram OER.”   

 

- Figure 2.3: Comparison of braided and meandering rivers   

  - AI-generated prompt: “Generate a diagram comparing braided and meandering river 
systems with labelled features.”   

  - Suggested OER source: “braided vs meandering river diagram geology OER.”   
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- Plate 2.2: Aeolian sand dunes with cross-bedding   

  - AI-generated prompt: “Generate a photograph of desert sand dunes showing large-scale 
cross-bedding.”   

  - Suggested OER source: “aeolian sand dunes cross-bedding OER image.”   

 

- Figure 2.4: Sediment types in glacial depositional settings   

  - AI-generated prompt: “Generate a diagram illustrating till, outwash, and varve deposits in 
a glacial environment.”   

  - Suggested OER source: “glacial deposits till outwash varves diagram OER.”   

 

- Figure 2.5: Types of deltaic systems   

  - AI-generated prompt: “Generate a diagram comparing river-dominated, wave-dominated, 
and tide-dominated deltas with labelled features.”   

  - Suggested OER source: “delta types river wave tide diagram OER geology.”   

 

- Plate 2.3: Sedimentary features in an estuarine environment   

  - AI-generated prompt: “Generate a photograph of an estuary with tidal channels and 
mudflats.”   

  - Suggested OER source: “estuary tidal channels mudflats OER image.”   

 

- Figure 2.6: Coastal wetlands and sedimentation   

  - AI-generated prompt: “Generate a diagram illustrating sediment accumulation in 
mangrove and swamp environments.”   

  - Suggested OER source: “mangrove swamp sedimentation diagram OER.”   

 

- Table 2.1: Comparison of marine and continental depositional processes   

  - AI-generated prompt: “Create a table comparing marine and continental depositional 
processes and their typical sedimentary products.”   

  - Suggested OER source: “marine vs continental depositional environments comparison 
table OER.”   

 

- Figure 2.7: Facies associations across depositional boundaries   
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  - AI-generated prompt: “Generate a diagram illustrating facies associations across marine, 
continental, and transitional environments.”   

  - Suggested OER source: “facies associations depositional boundaries diagram OER.”   

 

- Box 2.1: Resource implications of marine and continental systems   

  - AI-generated prompt: “Create a text box summarising hydrocarbons, groundwater, and 
minerals linked to marine and continental depositional systems.”   

  - Suggested OER source: “resource implications marine continental depositional systems 
OER.”   

 

 

Course code: GEY 305 

Course title: Fundamentals of Sedimentary Flows and 
Facies.  

Units: 2 Units 

List of Series 

Series 1: Fundamentals of Sedimentary Flows and Facies   

Series 2: Depositional Environments: Marine and Continental Systems   

Series 3: Classification and Analysis of Sedimentary Settings  

Series 4: Paleoenvironmental Criteria and Sedimentation Controls   

Series 5: Stratigraphy and Evolution of African Sedimentary Basins   

 

3.1 Principles of classification in sedimentary geology   

- 3.1.1 Criteria for classifying depositional settings (processes, facies, and environment)   

- 3.1.2 Lithofacies, biofacies, and chronofacies distinctions   

- 3.1.3 Importance of classification in stratigraphic correlation   

 

3.2 Analytical approaches to sedimentary settings   

- 3.2.1 Field methods (logging, facies description, palaeocurrent analysis)   

- 3.2.2 Laboratory techniques (thin sections, grain size analysis, geochemical methods)   
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- 3.2.3 Use of modern analogues in interpretation   

 

3.3 Applications of classification and analysis   

- 3.3.1 Basin reconstruction and palaeoenvironmental interpretation   

- 3.3.2 Resource exploration (hydrocarbons, groundwater, minerals)   

- 3.3.3 Case studies from African sedimentary basins   

 

3.4 Integrative synthesis of sedimentary settings   

- 3.4.1 Linking marine, continental, and transitional environments   

- 3.4.2 Facies models and depositional sequences   

- 3.4.3 Predictive tools for basin evolution 

 

Introduction 

In the last Series, we explored depositional environments in marine, continental, and 
transitional settings, learning how sediments are transported and preserved across 
different landscapes. Building on that foundation, this Series turns to the classification and 
analysis of sedimentary settings. Classification provides a systematic way of organising 
depositional environments, while analysis equips us with the tools to interpret their 
processes and products. Together, these skills are essential for reconstructing past 
environments and predicting basin evolution.   

The aim of this Series is to introduce you to the principles of classifying sedimentary settings 
and to equip you with analytical approaches that allow you to interpret facies, reconstruct 
basins, and evaluate their resource potential.   

We shall commence this Series by examining the principles of classification in sedimentary 
geology, focusing on the criteria used and the distinctions between lithofacies, biofacies, 
and chronofacies. Next, we will explore analytical approaches, including field methods, 
laboratory techniques, and the use of modern analogues. Following that, we will consider 
applications of classification and analysis, such as basin reconstruction, 
palaeoenvironmental interpretation, and resource exploration, supported by case studies. 
Finally, we will wrap up by integrating these ideas into a synthesis of sedimentary settings, 
linking marine, continental, and transitional environments through facies models and 
predictive tools for basin evolution. 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to:   
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- SLO 3.1 define the key criteria used in classifying sedimentary settings, including 
processes, facies, and environments,   

- SLO 3.2 explain the distinctions between lithofacies, biofacies, and chronofacies, and their 
relevance to stratigraphic correlation,   

- SLO 3.3 demonstrate analytical approaches to sedimentary settings using field methods 
such as facies logging and palaeocurrent analysis,   

- SLO 3.4 apply laboratory techniques including thin section study, grain size analysis, and 
geochemical methods to interpret depositional environments,   

- SLO 3.5 analyse the role of modern analogues in interpreting ancient sedimentary 
settings,   

- SLO 3.6 evaluate the applications of classification and analysis in basin reconstruction and 
palaeoenvironmental interpretation,   

- SLO 3.7 assess the significance of sedimentary setting analysis for resource exploration, 
including hydrocarbons, groundwater, and minerals, and   

- SLO 3.8 synthesise marine, continental, and transitional environments into facies models 
and predictive tools for basin evolution.   

 

3.1 Principles of Classification in Sedimentary Geology 

Classification in sedimentary geology provides a systematic framework for organising 
depositional environments and their associated facies. By grouping settings according to 
processes, products, and time, geologists can interpret ancient environments, correlate 
strata, and predict basin evolution. In this Part, we will explore the criteria used for 
classification, the distinctions between different types of facies, and the importance of 
classification in stratigraphic correlation.   

 

3.1.1 Criteria for classifying depositional settings 

Sedimentary settings are classified based on several key criteria:   

- Processes: The physical, chemical, or biological mechanisms responsible for sediment 
transport and deposition (e.g., fluvial flow, tidal currents, aeolian winds).   

- Facies: The observable characteristics of sedimentary deposits, including lithology, 
structures, and fossils.   

- Environment: The broader depositional context, such as marine shelves, river valleys, or 
deserts.   

These criteria allow geologists to distinguish between environments and to interpret the 
conditions under which sediments were laid down.   
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Fill in the blank: Observable characteristics of sedimentary deposits, including lithology, 
structures, and fossils, are collectively referred to as .   

 

 

 
Figure 3.1: Criteria for classifying sedimentary settings 

 

3.1.2 Lithofacies, biofacies, and chronofacies distinctions 

Lithofacies are defined by the physical and mineralogical characteristics of rocks, such as 
grain size, composition, and sedimentary structures.   

Biofacies are identified by the fossil content of a deposit, reflecting the organisms that lived 
in or were transported into the environment.   

Chronofacies are time-based facies, representing changes in depositional conditions 
through geological time.   

Together, these distinctions provide a multi-dimensional view of sedimentary settings, 
combining physical, biological, and temporal information.   
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Fill in the blank: Facies identified by fossil content, reflecting the organisms present in a 
depositional environment, are called _______.   

 

Comparison of Facies Types 

Facies Type 
Primary 

Focus 
Definition Typical Examples 

Lithofacies 
Physical & 

Chemical 

A rock unit defined by its physical 

characteristics, such as grain size, 

mineralogy, color, and sedimentary 

structures. 

Cross-bedded sandstone; 

Laminated black shale; Oolitic 

limestone. 

Biofacies Biological 

A rock unit defined by its fossil 

content, which reflects the specific 

biological environment 

(paleoecology) at the time of 

deposition. 

Coral reef assemblage; 

Foraminifera-rich mud; 

Brachiopod-bearing siltstone. 

Chronofacies Time 

A rock unit or feature that represents a 

specific interval of geologic time, 

often cutting across different physical 

environments. 

A widespread volcanic ash layer 

(tephra); A specific magnetic 

polarity zone; Global extinction 

horizons. 

 

Table 3.1: Comparison of lithofacies, biofacies, and chronofacies 

 

 

3.1.3 Importance of classification in stratigraphic correlation 

Stratigraphic correlation is the process of matching rock layers across different regions to 
establish continuity and geological history. Classification plays a vital role in this process by 
providing consistent criteria for identifying and comparing facies.   

- Lithofacies correlations help trace sedimentary bodies across basins.   

- Biofacies correlations allow recognition of time-equivalent strata through fossil 
assemblages.   

- Chronofacies correlations highlight shifts in depositional conditions over time.   

By integrating these approaches, geologists can reconstruct basin evolution and predict 
resource distribution.   
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Fill in the blank: The process of matching rock layers across different regions to establish 
continuity and geological history is called ______.   

 

The Role of Facies in Correlation 

Facies Type Role in Correlation Limitations 

Lithofacies 

Used for Lithostratigraphy. Connects rock 

units based on physical similarity (e.g., 

matching a distinct sandstone layer across a 

valley). 

Diachronous: Similar rocks often form 

at different times as environments shift 

(e.g., a beach moving inland during 

sea-level rise). 

Biofacies 

Used for Biostratigraphy. Uses "Index 

Fossils" to match rocks of the same age and 

environment across vast distances. 

Limited by ecology; certain species 

only live in specific depths or 

temperatures. 

Chronofacies 

Used for Chronostratigraphy. Provides "time 

markers" (isochrons) that represent a single 

moment in Earth’s history. 

Rare and usually requires specific 

events like volcanic eruptions or 

magnetic pole reversals. 

 

Box 3.1: Key applications of classification in stratigraphic correlation 

 

Pilot questions 3.1 

1. What are the three main criteria used to classify depositional settings?   

2. Define lithofacies and give one example.   

3. Which type of facies is identified by fossil content?   

4. What is stratigraphic correlation and why is classification important for it?   

5. How do chronofacies contribute to understanding basin evolution?   

 

3.2 Analytical Approaches to Sedimentary Settings 

Analysing sedimentary settings involves applying systematic methods to observe, measure, 
and interpret the characteristics of deposits. These approaches range from direct fieldwork 
to laboratory techniques and the use of modern analogues. Together, they provide 
geologists with the tools to reconstruct depositional environments and understand basin 
evolution.   

 

3.2.1 Field methods (logging, facies description, palaeocurrent analysis) 

Field methods are the starting point for analysing sedimentary settings.   



 

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

- Logging involves recording the vertical succession of rock layers, noting lithology, 
sedimentary structures, and fossils.   

- Facies description focuses on identifying the physical and biological features of each unit, 
such as grain size, bedding, and fossil assemblages.   

- Palaeocurrent analysis uses directional sedimentary structures (e.g., cross-bedding, 
ripple marks) to determine the flow direction of ancient currents.   

 

Fill in the blank: Directional sedimentary structures such as cross-bedding and ripple marks 
are used in  analysis.   
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Figure 3.2: Field methods for analysing sedimentary settings 

 

3.2.2 Laboratory techniques (thin sections, grain size analysis, geochemical methods) 

Laboratory techniques complement field observations by providing detailed data.   

- Thin sections are slices of rock examined under a microscope to study mineral 
composition and textures.   

- Grain size analysis measures the distribution of sediment sizes, helping to infer 
depositional energy conditions.   

- Geochemical methods include elemental and isotopic analysis, which reveal information 
about provenance, diagenesis, and palaeoenvironmental conditions.   
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Fill in the blank: Microscopic slices of rock used to study mineral composition and textures 
are called .   

 

 

 
Plate 3.1: Thin section showing mineral grains and textures 

 

3.2.3 Use of modern analogues in interpretation 

Modern analogues are present-day depositional environments used to interpret ancient 
settings. By studying active rivers, deserts, or marine shelves, geologists can compare 
modern processes and deposits with those preserved in the rock record.   

- They provide insights into sedimentary structures, facies associations, and depositional 
sequences.   

- Analogues also help validate models of basin evolution and resource distribution.   

 

Fill in the blank: Present-day depositional environments used to interpret ancient settings 
are called .   
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Figure 3.3: Using modern analogues to interpret ancient environments 

 

 

Pilot questions 3.2 

1. What are the three main field methods used in analysing sedimentary settings?   

2. Which laboratory technique involves studying microscopic slices of rock?   

3. How does grain size analysis help in interpreting depositional environments?   

4. What are modern analogues and why are they important?   

5. Give one example of how palaeocurrent analysis can be applied in basin reconstruction.   
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3.3 Applications of Classification and Analysis 

Classification and analysis of sedimentary settings are not just academic exercises; they 
have practical applications in understanding Earth’s history and in exploring resources. By 
applying these methods, geologists can reconstruct basins, interpret palaeoenvironments, 
and identify areas of economic importance.   

 

3.3.1 Basin reconstruction and palaeoenvironmental interpretation 

Basin reconstruction involves piecing together the depositional history of a sedimentary 
basin using facies analysis, stratigraphic correlation, and structural data. This helps 
geologists understand how basins evolved over time.   

Palaeoenvironmental interpretation uses sedimentary features, fossils, and geochemical 
data to infer past environmental conditions, such as climate, water depth, and energy 
levels.   

 

Fill in the blank: The process of piecing together the depositional history of a sedimentary 
basin is called .   
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Figure 3.4: Basin reconstruction and palaeoenvironmental interpretation 

 

3.3.2 Resource exploration (hydrocarbons, groundwater, minerals) 

Sedimentary settings are critical in resource exploration.   

- Hydrocarbons: Reservoir rocks such as fluvial sandstones and marine turbidites store oil 
and gas.   

- Groundwater: Aquifers are often found in porous continental sandstones and carbonate 
rocks.   

- Minerals: Evaporites, placer deposits, and banded iron formations are linked to specific 
depositional environments.   

 

Fill in the blank: Reservoir rocks such as fluvial sandstones and marine turbidites are 
important in ______ exploration.   

 

Resource Deposits by Sedimentary Environment 
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Environment 
Primary 

Resources 
Specific Examples 

Continental (Rivers, 

Lakes, Deserts) 

Coal & 

Freshwater 

Coal: Formed from compressed peat in ancient swamps. 

Groundwater: High-yield aquifers in braided river sands. 

Placer Gold: Concentrated in high-energy river bends. 

Transitional (Deltas, 

Estuaries) 

Oil, Gas & 

Silica 

Hydrocarbons: Organic-rich deltaic muds act as source rocks. 

Silica Sand: High-purity beach sands used for glass and 

fracking proppant. 

Marine (Shelves, 

Deep Sea) 

Oil, Gas & 

Minerals 

Petroleum: Marine plankton buried in shelf muds. Evaporites: 

Salt and Gypsum from dried-up restricted seas. Phosphates: 

For fertilizers, found in upwelling zones. 

 

Box 3.2: Examples of resources linked to sedimentary settings 

 

3.3.3 Case studies from African sedimentary basins 

African sedimentary basins provide excellent examples of how classification and analysis 
are applied.   

- The Niger Delta Basin illustrates deltaic processes and is a major hydrocarbon province.   

- The Kalahari Basin shows aeolian and fluvial deposits linked to groundwater resources.   

- The Karoo Basin preserves glacial and fluvial sequences, offering insights into 
palaeoclimate.   

These case studies demonstrate the practical relevance of sedimentary analysis in both 
academic and industrial contexts.   

 

Fill in the blank: The African basin that illustrates deltaic processes and serves as a major 
hydrocarbon province is the  Basin.   
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Plate 3.2: Deltaic features in the Niger Delta Basin 

 

Pilot questions 3.3 

1. What is basin reconstruction and why is it important?   

2. Which depositional environments are commonly associated with hydrocarbon 
reservoirs?   

3. Name one type of mineral deposit linked to sedimentary settings.   

4. Which African basin is known for aeolian and fluvial deposits linked to groundwater 
resources?   

5. How does the Karoo Basin contribute to understanding palaeoclimate?   
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3.4 Integrative Synthesis of Sedimentary Settings 

Sedimentary geology is most powerful when different depositional environments are 
studied together rather than in isolation. By synthesising marine, continental, and 
transitional systems, geologists can build facies models and depositional sequences that 
explain how basins evolve through time. This integrative approach also provides predictive 
tools for resource exploration and environmental reconstruction.   

 

3.4.1 Linking marine, continental, and transitional environments 

Sedimentary environments rarely exist in isolation. Linking environments means recognising 
how processes and deposits overlap across boundaries.   

- Marine shelves may grade into deltaic systems at river mouths.   

- Continental rivers may feed into estuaries, which in turn connect to coastal wetlands.   

- Transitional zones act as bridges, combining features of both marine and continental 
systems.   

This linkage is essential for interpreting vertical successions in the rock record, as 
environments shift laterally and vertically over time.   

 

Fill in the blank: Depositional zones that act as bridges between marine and continental 
systems are called  environments.   



 

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

 

 

 
Figure 3.5: Linking depositional environments across boundaries 

 

3.4.2 Facies models and depositional sequences 

Facies models are conceptual frameworks that describe typical associations of facies in a 
given environment, such as a delta or desert dune system.   

Depositional sequences are packages of sedimentary strata bounded by unconformities, 
reflecting cycles of sea-level change and sediment supply.   

Together, facies models and depositional sequences allow geologists to predict the 
distribution of sediments and reconstruct basin history.   

 

Fill in the blank: Packages of sedimentary strata bounded by unconformities are called 
depositional .   

 

Facies Models & Depositional Sequences 

Category 
Model / 

Sequence 
Key Sedimentary Features Interpretive Significance 

Facies Model Deltaic 

Coarsening-upward sets; distributary 

channels; mouth-bar sands; prodelta 

muds. 

Records a coastline building 

out into the sea 

(progradation). 
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Facies Model Aeolian 

Large-scale cross-bedding (dunes); 

excellent sorting; "pin-stripe" 

lamination; frosted grains. 

Indicates arid, wind-driven 

transport; excellent 

reservoir quality. 

Facies Model 
Turbidite 

(Bouma) 

Fining-upward (Ta-Te); graded 

bedding; flute casts; convolute 

lamination. 

Records deep-marine 

gravity flows (underwater 

"avalanches"). 

Depositional 

Sequence 

Lowstand 

(LST) 

Basin-floor fans; incised-valley fills; 

prograding wedges. 

Formed when sea level is 

low; potential for isolated 

sand bodies. 

Depositional 

Sequence 

Transgressive 

(TST) 

Retrogradational stacking (fining 

upward/landward); high organic 

content. 

Formed during sea-level 

rise; often contains rich 

source rocks. 

Depositional 

Sequence 

Highstand 

(HST) 

Aggradational to progradational 

stacking; shoreface sands. 

Formed when sea-level rise 

slows and sediment supply 

catches up. 

 

Table 3.3: Examples of facies models and depositional sequences 

 

3.4.3 Predictive tools for basin evolution 

By integrating classification, analysis, and synthesis, geologists develop predictive tools 
that help forecast basin evolution.   

- Facies models predict where certain deposits are likely to occur.   

- Sequence stratigraphy helps anticipate changes in sedimentation linked to sea-level 
fluctuations.   

- Basin modelling combines geological, geophysical, and geochemical data to simulate 
basin development and resource potential.   

These predictive tools are invaluable in exploration geology and environmental 
management.   

 

Fill in the blank: The branch of stratigraphy that uses cycles of sea-level change to interpret 
sedimentary sequences is called  stratigraphy.   

 

Predictive Tools in Sedimentary Geology 

Tool Focus Predictive Capability 
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Facies Models 
Lithology & 

Environment 

Predicts the geometry and quality of sand bodies (reservoirs) 

between known data points based on modern analogues. 

Sequence 

Stratigraphy 
Time & Stacking 

Predicts the location of source, reservoir, and seal rocks by 

tracking how sea-level changes shift environments across a 

basin. 

Basin Modelling 
Process & 

Simulation 

Predicts hydrocarbon maturity, migration pathways, and pore 

pressure by simulating millions of years of burial and heating. 

 

Box 3.3: Predictive tools for basin evolution 

 

Pilot questions 3.4 

1. Why is it important to link marine, continental, and transitional environments?   

2. What are facies models and how are they used?   

3. Define depositional sequences and explain their significance.   

4. Which stratigraphic approach interprets sedimentary cycles based on sea-level 
changes?   

5. How do predictive tools contribute to basin evolution and resource exploration?   

 

Series Summary 

This Series has focused on how sedimentary settings are classified and analysed, showing 
you how geologists organise depositional environments and interpret their processes and 
products. Its purpose has been to build on the depositional concepts introduced earlier, 
while equipping you with practical methods for fieldwork, laboratory study, and basin 
interpretation.   

We began by examining the principles of classification, including the criteria of processes, 
facies, and environments, and the distinctions between lithofacies, biofacies, and 
chronofacies. We then explored analytical approaches, ranging from field logging and 
palaeocurrent analysis to laboratory techniques and the use of modern analogues. 
Following that, we considered applications in basin reconstruction, resource exploration, 
and case studies from African basins. Finally, we synthesised marine, continental, and 
transitional environments into facies models and depositional sequences, highlighting 
predictive tools for basin evolution. By completing this Series, you should now be able to 
define classification criteria (SLO 3.1), explain facies distinctions (SLO 3.2), demonstrate 
analytical methods (SLOs 3.3–3.5), evaluate applications in basin and resource studies 
(SLOs 3.6–3.7), and synthesise environments into predictive models (SLO 3.8). 
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Glossary of Terms 

- Biofacies: A type of facies identified by its fossil content, reflecting the organisms that lived 
in or were transported into a depositional environment.   

 

- Chronofacies: Facies that represent changes in depositional conditions through geological 
time, helping to track environmental shifts.   

 

- Depositional sequences: Packages of sedimentary strata bounded by unconformities, 
often linked to cycles of sea-level change and sediment supply.   

 

- Facies: The observable characteristics of sedimentary deposits, including lithology, 
sedimentary structures, and fossil content.   

 

- Facies models: Conceptual frameworks that describe typical associations of facies in a 
given environment, such as deltaic or aeolian systems.   

 

- Geochemical methods: Laboratory techniques that analyse the chemical composition of 
rocks and sediments to reveal provenance, diagenesis, and environmental conditions.   

 

- Grain size analysis: A laboratory method used to measure the distribution of sediment 
sizes, which helps infer the energy conditions of deposition.   

 

- Lithofacies: Facies defined by the physical and mineralogical characteristics of rocks, such 
as grain size, composition, and sedimentary structures.   

 

- Logging: The process of recording the vertical succession of rock layers in the field, noting 
lithology, structures, and fossils.   

 

- Modern analogues: Present-day depositional environments studied to interpret ancient 
sedimentary settings by comparison.   

 

- Palaeocurrent analysis: A field method that uses directional sedimentary structures, such 
as ripple marks and cross-bedding, to determine the flow direction of ancient currents.   

 

- Predictive tools: Methods such as facies models, sequence stratigraphy, and basin 
modelling that help forecast basin evolution and resource distribution.   
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- Sequence stratigraphy: A branch of stratigraphy that interprets sedimentary sequences 
based on cycles of sea-level change.   

 

- Stratigraphic correlation: The process of matching rock layers across different regions to 
establish continuity and geological history.   

 

- Thin sections: Microscopic slices of rock used to study mineral composition and textures 
under a polarising microscope.   

 

This glossary provides clear definitions of the key terms introduced in Series 3: Analysing 
and Classifying Sedimentary Settings, supporting independent learning and reinforcing the 
Series Learning Outcomes. 

 

Concept Check Questions [Series 3] 

Objective questions   

1. Which criterion for classifying depositional settings focuses on physical and 
mineralogical characteristics of rocks? (Linked to SLO 3.1)   

2. Facies identified by fossil content are called . (Linked to SLO 3.2)   

3. Which field method records the vertical succession of rock layers? (Linked to SLO 3.3)   

4. Microscopic slices of rock used to study mineral composition and textures are known as 
. (Linked to SLO 3.4)   

5. Present-day depositional environments used to interpret ancient settings are called . 
(Linked to SLO 3.5)   

 

Short-answer questions   

6. Explain the difference between lithofacies and chronofacies. (Linked to SLOs 3.1–3.2)   

7. How does grain size analysis help in interpreting depositional environments? (Linked to 
SLO 3.4)   

8. Why are modern analogues important in sedimentary analysis? (Linked to SLO 3.5)   

9. State one application of classification in stratigraphic correlation. (Linked to SLO 3.6)   

10. Give one example of a depositional environment associated with hydrocarbon 
reservoirs. (Linked to SLO 3.7)   

 



 

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

Long-answer questions   

11. Analyse the role of facies distinctions (lithofacies, biofacies, chronofacies) in 
stratigraphic correlation. (Linked to SLOs 3.1–3.2)   

12. Evaluate the significance of analytical approaches, including field and laboratory 
methods, in reconstructing depositional environments. (Linked to SLOs 3.3–3.4)   

13. Compare marine, continental, and transitional environments in terms of their linkage 
and predictive value for basin evolution. (Linked to SLO 3.8)   

 

--- 

 

Answers to Concept Check Questions [Series 3] 

 

Objective questions   

1. Lithofacies.   

2. Biofacies.   

3. Logging.   

4. Thin sections.   

5. Modern analogues.   

 

Short-answer questions   

6. Lithofacies are defined by physical and mineralogical characteristics of rocks, while 
chronofacies represent changes in depositional conditions through geological time.   

7. Grain size analysis reveals the energy conditions of deposition, with coarse grains 
indicating high-energy environments and fine grains indicating low-energy settings.   

8. Modern analogues provide present-day examples that help interpret ancient 
environments by comparison, validating facies models and depositional processes.   

9. Classification allows consistent identification of facies, enabling geologists to match rock 
layers across regions and establish continuity.   

10. Fluvial sandstones or marine turbidites.   

 

Long-answer questions   

11.   
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- Basic response: Lithofacies, biofacies, and chronofacies provide different perspectives on 
sedimentary deposits. Lithofacies describe physical features, biofacies highlight fossil 
content, and chronofacies reflect time-based changes. Together, they support stratigraphic 
correlation by offering multiple criteria for matching layers.   

- Value-added response: Beyond basic correlation, facies distinctions also reveal 
depositional processes, palaeoecological conditions, and temporal shifts in basin 
evolution. For example, biofacies can indicate palaeoclimate, while chronofacies highlight 
sea-level changes, making them essential for sequence stratigraphy and basin modelling.   

 

12.   

- Basic response: Field methods such as logging and palaeocurrent analysis provide direct 
observations of sedimentary structures, while laboratory techniques like thin sections and 
grain size analysis offer detailed data. Together, they reconstruct depositional 
environments.   

- Value-added response: Analytical approaches also integrate geochemical methods and 
modern analogues, allowing geologists to infer provenance, diagenesis, and 
palaeoenvironmental conditions. This holistic analysis strengthens basin reconstruction 
and resource exploration.   

 

13.   

- Basic response: Marine, continental, and transitional environments are linked through 
processes and deposits. Transitional zones act as bridges, combining features of both 
domains. Synthesising these environments helps predict basin evolution.   

- Value-added response: Comparing these environments provides predictive tools such as 
facies models and sequence stratigraphy. Marine turbidites, continental sandstones, and 
transitional evaporites can all serve as resources, making their linkage crucial for 
exploration and environmental management.   

 

Answers to Pilot Questions [Series 3] 

Part 3.1   

- Processes, facies, and environment.   

- Lithofacies.   

- Biofacies.   

- Stratigraphic correlation.   

- Chronofacies.   
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Part 3.2   

- Logging, facies description, and palaeocurrent analysis.   

- Thin sections.   

- It helps infer depositional energy conditions by showing the distribution of sediment sizes.   

- Modern analogues.   

- By using directional sedimentary structures to determine ancient flow directions.   

 

Part 3.3   

- Basin reconstruction; it is important for understanding basin evolution.   

- Fluvial sandstones and marine turbidites.   

- Evaporites, placer deposits, or banded iron formations.   

- The Kalahari Basin.   

- It preserves glacial and fluvial sequences that provide insights into past climates.   

 

Part 3.4   

- Because environments overlap and shift, linking them helps interpret successions in the 
rock record.   

- Conceptual frameworks describing typical associations of facies in a given environment.   

- Depositional sequences; they show cycles of sea-level change and sediment supply.   

- Sequence stratigraphy.   

- They forecast basin evolution and resource distribution through facies models and basin 
modelling. 

 

References and Attributions [Series 3] 

The following references and attributions cover all in-text sources, illustration placeholders, 
and suggested open educational resources (OERs) used in Series 3: Analysing and 
Classifying Sedimentary Settings. References are presented in APA style for clarity and 
consistency.   

 

General References   



 

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

- Boggs, S. (2012). Principles of sedimentology and stratigraphy (5th ed.). Pearson 
Education.   

- Nichols, G. (2009). Sedimentology and stratigraphy (2nd ed.). Wiley-Blackwell.   

- Reading, H. G. (1996). Sedimentary environments: Processes, facies and stratigraphy (3rd 
ed.). Blackwell Science.   

 

Illustrations and Attributions   

- Figure 3.1: Criteria for classifying sedimentary settings   

  - AI-generated prompt: “Generate a diagram illustrating processes, facies, and 
environments as criteria for classifying sedimentary settings.”   

  - Suggested OER source: “criteria for classifying depositional environments sedimentology 
diagram OER.”   

 

- Table 3.1: Comparison of lithofacies, biofacies, and chronofacies   

  - AI-generated prompt: “Create a table comparing lithofacies, biofacies, and chronofacies 
with definitions and examples.”   

  - Suggested OER source: “lithofacies biofacies chronofacies comparison table OER.”   

 

- Figure 3.2: Field methods for analysing sedimentary settings   

  - AI-generated prompt: “Generate a diagram illustrating logging, facies description, and 
palaeocurrent analysis in sedimentary fieldwork.”   

  - Suggested OER source: “sedimentary geology field methods logging palaeocurrent 
diagram OER.”   

 

- Plate 3.1: Thin section showing mineral grains and textures   

  - AI-generated prompt: “Generate a photograph of a thin section of sandstone under a 
polarising microscope.”   

  - Suggested OER source: “thin section sandstone polarising microscope OER image.”   

 

- Figure 3.3: Using modern analogues to interpret ancient environments   

  - AI-generated prompt: “Generate a diagram comparing modern river deposits with ancient 
fluvial facies.”   

  - Suggested OER source: “modern analogues sedimentary geology fluvial facies diagram 
OER.”   
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- Figure 3.4: Basin reconstruction and palaeoenvironmental interpretation   

  - AI-generated prompt: “Generate a diagram illustrating basin reconstruction using facies 
analysis and stratigraphic correlation.”   

  - Suggested OER source: “basin reconstruction palaeoenvironmental interpretation 
diagram OER.”   

 

- Box 3.2: Examples of resources linked to sedimentary settings   

  - AI-generated prompt: “Create a text box listing hydrocarbons, groundwater, and minerals 
associated with sedimentary environments.”   

  - Suggested OER source: “resources hydrocarbons groundwater minerals sedimentary 
settings OER.”   

 

- Plate 3.2: Deltaic features in the Niger Delta Basin   

  - AI-generated prompt: “Generate a photograph of the Niger Delta showing deltaic 
channels and wetlands.”   

  - Suggested OER source: “Niger Delta basin deltaic features OER image.”   

 

- Figure 3.5: Linking depositional environments across boundaries   

  - AI-generated prompt: “Generate a diagram illustrating how marine, continental, and 
transitional environments connect laterally and vertically.”   

  - Suggested OER source: “linking marine continental transitional depositional 
environments diagram OER.”   

 

- Table 3.3: Examples of facies models and depositional sequences   

  - AI-generated prompt: “Create a table listing examples of facies models (deltaic, aeolian, 
turbidite) and depositional sequences with their key features.”   

  - Suggested OER source: “facies models depositional sequences sedimentology table 
OER.”   

 

- Box 3.3: Predictive tools for basin evolution   

  - AI-generated prompt: “Create a text box summarising facies models, sequence 
stratigraphy, and basin modelling as predictive tools.”   

  - Suggested OER source: “predictive tools basin evolution facies sequence stratigraphy 
OER.”   
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Course code: GEY 305 

Course title: Fundamentals of Sedimentary Flows and 
Facies.  

Units: 2 Units 

 

List of Series 

Series 1: Fundamentals of Sedimentary Flows and Facies   

Series 2: Depositional Environments: Marine and Continental Systems   

Series 3: Classification and Analysis of Sedimentary Settings  

Series 4: Paleoenvironmental Criteria and Sedimentation Controls   

Series 5: Stratigraphy and Evolution of African Sedimentary Basins   

 

4.1 Criteria for palaeoenvironmental interpretation   

- 4.1.1 Lithological indicators (grain size, sedimentary structures, mineralogy)   

- 4.1.2 Biological indicators (fossil assemblages, trace fossils, microfossils)   

- 4.1.3 Geochemical indicators (stable isotopes, elemental composition)   

 

4.2 Physical and chemical controls on sedimentation   

- 4.2.1 Climate and weathering processes   

- 4.2.2 Tectonics and basin subsidence   

- 4.2.3 Sea-level changes and accommodation space   

 

4.3 Biological and ecological controls on sedimentation   

- 4.3.1 Role of organisms in sediment production (reefs, bioturbation)   

- 4.3.2 Influence of vegetation on continental sedimentation   

- 4.3.3 Ecological succession and sedimentary record   

 

4.4 Integrative approaches to palaeoenvironmental reconstruction   
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- 4.4.1 Combining lithological, biological, and geochemical evidence   

- 4.4.2 Facies analysis and sequence stratigraphy   

- 4.4.3 Case studies in palaeoenvironmental reconstruction 

 

Introduction 

In the last Series, we examined how sedimentary settings are classified and analysed, 
learning to distinguish facies and apply analytical methods to reconstruct depositional 
environments. Building on that foundation, this Series turns to the criteria used for 
interpreting palaeoenvironments and the controls that govern sedimentation. These 
aspects are crucial because they allow geologists to move beyond description and 
classification, towards understanding the forces and evidence that shape the sedimentary 
record.   

The aim of this Series is to introduce you to the key indicators used in palaeoenvironmental 
interpretation and to explain the physical, chemical, and biological controls on 
sedimentation. It also seeks to equip you with integrative approaches that combine multiple 
lines of evidence for reconstructing past environments.   

We shall commence this Series by exploring the criteria for palaeoenvironmental 
interpretation, focusing on lithological, biological, and geochemical indicators. Next, we will 
examine physical and chemical controls on sedimentation, including climate, tectonics, 
and sea-level changes. Following that, we will consider biological and ecological controls, 
such as the role of organisms, vegetation, and ecological succession. Finally, we will wrap 
up by looking at integrative approaches to palaeoenvironmental reconstruction, where 
lithological, biological, and geochemical evidence are combined with facies analysis and 
sequence stratigraphy, supported by case studies. 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to:   

- SLO 4.1 define lithological indicators such as grain size, sedimentary structures, and 
mineralogy used in palaeoenvironmental interpretation,   

- SLO 4.2 explain biological indicators including fossil assemblages, trace fossils, and 
microfossils,   

- SLO 4.3 describe geochemical indicators such as stable isotopes and elemental 
composition,   

- SLO 4.4 analyse the influence of climate and weathering processes on sedimentation,   

- SLO 4.5 evaluate the role of tectonics and basin subsidence in controlling sedimentary 
deposition,   
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- SLO 4.6 explain how sea-level changes affect accommodation space and sedimentary 
sequences,   

- SLO 4.7 demonstrate the role of organisms in sediment production, including reefs and 
bioturbation,   

- SLO 4.8 assess the influence of vegetation on continental sedimentation,   

- SLO 4.9 describe how ecological succession is reflected in the sedimentary record,   

- SLO 4.10 apply integrative approaches by combining lithological, biological, and 
geochemical evidence in palaeoenvironmental reconstruction,   

- SLO 4.11 interpret depositional environments using facies analysis and sequence 
stratigraphy, and   

- SLO 4.12 evaluate case studies to illustrate practical applications of palaeoenvironmental 
reconstruction.   

 

4.1 Criteria for Palaeoenvironmental Interpretation 

Interpreting palaeoenvironments requires careful use of evidence preserved in the 
sedimentary record. Geologists rely on lithological, biological, and geochemical indicators 
to reconstruct past conditions such as climate, depositional energy, and ecological 
settings. In this Part, we will examine each of these criteria in detail, showing how they 
contribute to a fuller understanding of ancient environments.   

 

4.1.1 Lithological indicators (grain size, sedimentary structures, mineralogy) 

Lithological indicators are physical features of rocks that provide clues about the 
environment of deposition. These include:   

- Grain size, which reflects the energy of the depositional environment. Coarse grains 
suggest high-energy settings such as rivers, while fine grains indicate low-energy 
environments like lakes.   

- Sedimentary structures, such as cross-bedding, ripple marks, and graded bedding, which 
reveal processes like current direction, wave action, or turbidity flows.   

- Mineralogy, which can indicate provenance and weathering conditions. For example, 
quartz-rich sandstones suggest stable continental sources, while feldspar-rich sandstones 
point to active tectonic regions.   

 

Fill in the blank: Coarse grains in a sedimentary deposit usually indicate a  depositional 
environment.   
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Figure 4.1: Lithological indicators of depositional environments 

 

4.1.2 Biological indicators (fossil assemblages, trace fossils, microfossils) 

Biological indicators are features derived from organisms preserved in the sedimentary 
record. These include:   

- Fossil assemblages, which reflect the types of organisms that lived in a particular 
environment. Marine fossils such as corals and brachiopods indicate shallow seas, while 
terrestrial plant fossils suggest continental settings.   

- Trace fossils, which are preserved evidence of biological activity such as burrows, tracks, 
and feeding marks. They provide behavioural insights into ancient organisms.   

- Microfossils, including foraminifera, diatoms, and pollen, which are especially useful for 
reconstructing fine-scale environmental changes and for biostratigraphy.   

 

Fill in the blank: Preserved evidence of biological activity, such as burrows or tracks, is 
referred to as  fossils.   
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Plate 4.1: Trace fossils showing burrows and feeding marks 

 

4.1.3 Geochemical indicators (stable isotopes, elemental composition) 

Geochemical indicators provide chemical evidence of past environmental conditions. 
These include:   

- Stable isotopes, such as oxygen and carbon isotopes, which are used to infer 
palaeoclimate, palaeotemperature, and palaeosalinity.   

- Elemental composition, which can reveal provenance, diagenesis, and depositional 
conditions. For example, high calcium content may indicate marine carbonate 
environments, while elevated iron may suggest continental red beds.   

 

Fill in the blank: Oxygen and carbon isotopes are examples of______ indicators used in 
palaeoenvironmental interpretation.   
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Geochemical Proxies in Palaeoenvironmental Research 

Indicator 
Type 

Notation / Ratio Common Archive Palaeoenvironmental Application 

Oxygen 
Isotopes 

\delta^{18}\text{O} 

Carbonates (shells, 
corals), 
Speleothems, Ice 
cores 

Reconstructing palaeotemperature 
and global ice volume; tracer for 
evaporation/precipitation balance. 

Carbon 
Isotopes 

\delta^{13}\text{C} 
Organic matter, 
Marine/lacustrine 
carbonates 

Identifying photosynthetic pathways 
(C_3 vs C_4 plants); tracking nutrient 
cycling, productivity, and methane 
release. 

Nitrogen 
Isotopes 

\delta^{15}\text{N} Sedimentary organic 
matter, Fish scales 

Estimating trophic levels, nutrient 
availability, and nitrogen fixation; 
tracking anthropogenic pollution 
(e.g., fertilizer). 

Hydrogen 
Isotopes 

\delta\text{D} (or 
\delta^2\text{H}) 

Leaf waxes, Clay 
minerals, Ice cores 

Proxy for palaeoprecipitation, 
humidity, and the hydrological cycle 
(moisture source and transport). 

Elemental 
Ratios 

\text{Mg/Ca} 
Foraminifera tests, 
Ostracod shells 

Direct proxy for seawater 
temperature (Mg incorporation 
increases with temperature). 

Elemental 
Ratios 

\text{Sr/Ca} Corals, Lacustrine 
carbonates 

Secondary temperature proxy; in 
lakes, used to track salinity changes 
and groundwater influx. 

Elemental 
Ratios 

\text{C/N} Ratio 
Bulk sedimentary 
organic matter 

Distinguishing between terrestrial 
(high C/N) and aquatic/algal (low 
C/N) organic matter sources. 

Trace 
Elements 

\text{Sr/Ba} 
Lacustrine & Marine 
mudstones 

Qualitative indicator of 
palaeosalinity (higher ratios often 
indicate higher salinity/marine 
influence). 

Trace 
Elements 

\text{Th/U} or 
\text{V/Cr} 

Fine-grained 
sediments (shales) 

Reconstructing redox conditions 
(oxic, suboxic, or anoxic bottom 
waters). 

 

Table 4.1: Examples of geochemical indicators and their applications 
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Pilot questions 4.1 

1. What are lithological indicators and give one example?   

2. How does grain size reflect depositional energy?   

3. What type of fossils provide behavioural evidence of ancient organisms?   

4. Name one microfossil group useful for palaeoenvironmental reconstruction.   

5. Which geochemical indicators are commonly used to infer palaeoclimate?   

 

4.2 Physical and Chemical Controls on Sedimentation 

Sedimentation is influenced by a range of physical and chemical factors that determine 
how, where, and when sediments are deposited. These controls include climate, tectonics, 
and sea-level changes, all of which shape the availability of sediment, the energy of 
depositional systems, and the accommodation space for sedimentary sequences. In this 
Part, we will examine each of these controls in detail.   

 

4.2.1 Climate and weathering processes 

Climate refers to long-term atmospheric conditions that influence sediment supply and 
composition. In humid climates, chemical weathering dominates, producing fine-grained 
sediments such as clays. In arid climates, physical weathering is more common, leading to 
coarse-grained deposits like sand and gravel.   

Weathering processes break down rocks at the Earth’s surface, either chemically (altering 
minerals through reactions with water and gases) or physically (fragmenting rocks through 
mechanical forces such as freeze-thaw or abrasion).   

 

Fill in the blank: In humid climates,  weathering is the dominant process, producing fine-
grained sediments.   
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Figure 4.2: Climate and weathering controls on sedimentation 

 

4.2.2 Tectonics and basin subsidence 

Tectonics refers to the movement and deformation of the Earth’s crust, which creates 
basins and uplifts source areas. Active tectonic regions provide abundant sediment supply 
due to uplift and erosion.   

Basin subsidence is the gradual sinking of the Earth’s crust, creating accommodation space 
for sediments to accumulate. Without subsidence, sediments may be eroded rather than 
preserved.   
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Fill in the blank: The gradual sinking of the Earth’s crust that creates space for sediments to 
accumulate is called basin _______.   

 

 
Figure 4.3: Tectonic and subsidence controls on sedimentation 

 

 

4.2.3 Sea-level changes and accommodation space 

Sea-level changes are one of the most important controls on sedimentation. Rising sea 
levels (transgressions) lead to marine environments advancing over continental areas, while 
falling sea levels (regressions) expose sediments to erosion.   

Accommodation space refers to the available space for sediments to accumulate, 
controlled by both sea-level changes and tectonic subsidence. Sequence stratigraphy is 
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built around the concept of accommodation space, linking sedimentary packages to cycles 
of sea-level fluctuation.   

 

Fill in the blank: Rising sea levels that cause marine environments to advance over 
continental areas are known as _______.   

 

Summary: Shoreline Migration & Sedimentation 

1. Transgression (Sea-Level Rise) 

• Process: The shoreline moves inland as relative sea level rises or sediment supply 
decreases. 

• Impact on Sedimentation: Deep-water facies (like shale or limestone) are deposited 
over shallow-water facies (like sand). 

• Stratigraphic Pattern: Results in a fining-upward sequence. This is known as 
"retrogradation." 

2. Regression (Sea-Level Fall) 

• Process: The shoreline moves seaward because relative sea level falls or sediment 
supply exceeds the available space. 

• Impact on Sedimentation: Shallow-water facies (sand) are deposited over deep-
water facies (mud/shale). 

• Stratigraphic Pattern: Results in a coarsening-upward sequence. This is known as 
"progradation." 

3. The Concept of Accommodation Space 

• Definition: The total space available for sediment to accumulate. 
• The Balance:  

• If Accommodation > Sediment Supply \rightarrow Transgression. 
• If Sediment Supply > Accommodation \rightarrow Regression (even if sea 

level is technically rising!). 

Box 4.1: Key effects of sea-level changes on sedimentation 

 

Pilot questions 4.2 

1. How does climate influence the type of sediments produced?   

2. What is the difference between chemical and physical weathering?   

3. Define basin subsidence and explain its importance in sedimentation.   
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4. What happens during a marine transgression?   

5. How do sea-level changes control accommodation space?   

 

4.3 Biological and Ecological Controls on Sedimentation 

Sedimentation is not only influenced by physical and chemical factors but also by biological 
and ecological processes. Organisms play a direct role in producing, modifying, and 
stabilising sediments, while vegetation and ecological succession leave distinctive imprints 
in the sedimentary record. In this Part, we will explore how life interacts with sedimentary 
systems to shape depositional environments.   

 

4.3.1 Role of organisms in sediment production (reefs, bioturbation) 

Organisms contribute to sediment production in several ways.   

- Reefs, built by corals and other carbonate-secreting organisms, generate large volumes of 
biogenic sediment such as limestone.   

- Bioturbation refers to the disturbance of sediments by burrowing and feeding organisms. 
This process alters sedimentary structures, redistributes particles, and influences porosity 
and permeability.   

 

Fill in the blank: The disturbance of sediments by burrowing and feeding organisms is called 
.   
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Plate 4.2: Reef organisms contributing to sediment production 

 

4.3.2 Influence of vegetation on continental sedimentation 

Vegetation plays a crucial role in continental sedimentary environments.   

- Roots stabilise soils, reducing erosion and promoting fine-grained deposition.   

- Forests and grasslands influence hydrology, affecting sediment transport in rivers and 
floodplains.   

- Peat formation in wetlands leads to organic-rich deposits that can eventually form coal.   

 

Fill in the blank: Organic-rich deposits formed in wetlands that may eventually become coal 
are called .   



 

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

 

 
Figure 4.4: Influence of vegetation on continental sedimentation 

 

4.3.3 Ecological succession and sedimentary record 

Ecological succession is the natural progression of biological communities over time. This 
process is often reflected in the sedimentary record.   

- Early colonisers such as algae or pioneer plants leave distinctive traces in sediments.   

- Mature ecosystems, such as forests or reefs, produce characteristic deposits.   

- Succession patterns can be used to infer environmental stability, disturbance events, and 
long-term ecological changes.   
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Fill in the blank: The natural progression of biological communities over time, often reflected 
in the sedimentary record, is called ecological _________.   

 

Summary: Ecological Succession in Sedimentary Environments 

1. Reef Succession (Marine Carbonates) 

• Pioneer Stage: Encrusting algae and hardy "weedy" corals colonize bare rock or 
rubble. 

• Climax Stage: Diverse framework-building corals (e.g., Acropora) create complex 3D 
structures. 

• Sediment Impact: High rates of in-situ carbonate production. Bioerosion 
(parrotfish/sponges) eventually turns these structures into coral sand and lime mud. 

2. Wetland Succession (Hydrosere) 

• Pioneer Stage: Submerged aquatic plants and floating lilies occupy open water. 
• Intermediate Stage: Emergent vegetation (reeds/sedges) traps fine silt and organic 

debris, shallowing the water. 
• Climax Stage: Development of a peat bog or wet woodland (Carr) as the surface rises 

above the water table. 
• Sediment Impact: Leads to the formation of organic-rich peat layers and coal 

precursors. 

3. Floodplain Succession (Alluvial) 

• Pioneer Stage: Fast-growing grasses and shrubs colonize fresh sandbars or point 
bars after a flood. 

• Climax Stage: Mature hardwood "bottomland" forests. 
• Sediment Impact: Root systems stabilize the riverbanks, reducing lateral 

migration (meandering) and promoting the vertical accretion of fine silts and clays 
during overbank flow. 

 

Box 4.2: Examples of ecological succession in sedimentary environments 

 

Pilot questions 4.3 

1. What is bioturbation and how does it affect sediments?   

2. How do reefs contribute to sediment production?   

3. In what ways does vegetation influence continental sedimentation?   
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4. What type of deposits can peat formation lead to?   

5. How is ecological succession reflected in the sedimentary record?   

 

4.4 Integrative Approaches to Palaeoenvironmental 
Reconstruction 

Reconstructing palaeoenvironments requires combining multiple lines of evidence rather 
than relying on a single indicator. Lithological, biological, and geochemical data must be 
integrated with facies analysis and sequence stratigraphy to build a coherent picture of past 
conditions. This Part will guide you through how geologists synthesise evidence and apply it 
to case studies of basin evolution.   

 

4.4.1 Combining lithological, biological, and geochemical evidence 

Each type of evidence provides unique insights, but together they form a more complete 
reconstruction.   

- Lithological evidence reveals depositional energy and sediment provenance.   

- Biological evidence shows ecological conditions and community structures.   

- Geochemical evidence provides information on palaeoclimate, water chemistry, and 
diagenesis.   

By combining these, geologists can cross-check interpretations and reduce uncertainty.   

 

Fill in the blank: Lithological, biological, and geochemical evidence must be  to achieve 
reliable palaeoenvironmental reconstruction.   
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Figure 4.5: Integrating multiple lines of evidence in palaeoenvironmental reconstruction 

 

4.4.2 Facies analysis and sequence stratigraphy 

Facies analysis involves identifying and interpreting facies associations to reconstruct 
depositional environments.   

Sequence stratigraphy examines sedimentary sequences bounded by unconformities, 
linking them to sea-level changes and sediment supply.   
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Together, these methods provide a framework for understanding basin evolution and 
predicting sedimentary patterns.   

 

Fill in the blank: Sedimentary sequences bounded by unconformities are studied 
in  stratigraphy.   

 

Comparison: Facies Analysis vs. Sequence Stratigraphy 

Feature Facies Analysis Sequence Stratigraphy 

Primary Focus 

The physical, chemical, 
and biological 
characteristics of a 
specific rock unit 
(lithofacies, biofacies). 

The relationship between genetically 
related strata bounded by surfaces of 
erosion or non-deposition. 

Key Question 

"What was the specific 
depositional environment 
at this location?" (e.g., a 
beach, a deep-sea fan, or a 
river). 

"How did the environment shift over time 
in response to changes in sea level and 
sediment supply?" 

Core Concept 

Walther’s Law: Vertical 
successions of facies 
reflect environments that 
were once laterally 
adjacent. 

Accommodation Space: The volume 
available for sediment to accumulate, 
controlled by tectonics and eustasy. 

Scale of Study 

Micro-scale to Outcrop-
scale (individual beds or 
sets of beds). 

Regional to Basin-wide (entire packages 
of sediment called "sequences"). 

Evidence Used 

Grain size, sedimentary 
structures (e.g., cross-
bedding), fossils, and 
mineralogy. 

Unconformities, flooding surfaces, 
seismic profiles, and stacking patterns 
(progradation/retrogradation). 

Palaeoenvironmental 
Application 

Detailed reconstruction of 
local energy levels, water 
depth, and ecological 
conditions. 

Predicting the distribution of reservoirs 
(sand) and seals (shale) across a basin; 
global sea-level reconstruction. 

Main Outcome 
Identification of a 
Depositional System. 

Construction of a Chronostratigraphic 
Framework (time-based mapping). 
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Table 4.2: Facies analysis and sequence stratigraphy in palaeoenvironmental 
reconstruction 

 

4.4.3 Case studies in palaeoenvironmental reconstruction 

Case studies demonstrate how integrative approaches are applied in practice.   

- Deltaic systems, such as the Niger Delta, show how lithological, biological, and 
geochemical evidence combine to reconstruct depositional history.   

- Glacial deposits in basins like the Karoo illustrate how facies analysis and isotopic data 
reveal palaeoclimate.   

- Carbonate platforms highlight the role of biological and geochemical indicators in 
reconstructing marine environments.   

These examples show the practical value of synthesis in understanding Earth’s history and 
guiding resource exploration.   

 

Fill in the blank: The Niger Delta is an example of a ______ system where integrative 
reconstruction is applied.   

 

Plate 4.3: Deltaic features used in palaeoenvironmental reconstruction
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Pilot questions 4.4 

1. Why is it important to combine lithological, biological, and geochemical evidence?   

2. What is facies analysis and how is it applied?   

3. Define sequence stratigraphy and explain its significance.   

4. Give one example of a case study where integrative reconstruction is applied.   

5. How do case studies strengthen palaeoenvironmental interpretation?   

 

Series Summary 

This Series has focused on the criteria and controls that shape palaeoenvironmental 
interpretation, highlighting how geologists move from observing evidence to reconstructing 
past environments. Its purpose has been to show the relevance of lithological, biological, 
and geochemical indicators, while also examining the physical, chemical, and biological 
factors that influence sedimentation. By doing so, the Series has built a bridge between 
descriptive analysis and integrative reconstruction, making clear how multiple lines of 
evidence combine to explain basin evolution.   

We began by considering lithological, biological, and geochemical indicators as the 
foundation for interpreting palaeoenvironments. Then we explored physical and chemical 
controls, including climate, tectonics, and sea-level changes, followed by biological and 
ecological controls such as reefs, bioturbation, vegetation, and succession. Finally, we 
examined integrative approaches that combine evidence with facies analysis and sequence 
stratigraphy, supported by case studies. By completing this Series, you should now be able 
to define and explain key indicators (SLOs 4.1–4.3), analyse and evaluate physical and 
chemical controls (SLOs 4.4–4.6), demonstrate and assess biological and ecological 
influences (SLOs 4.7–4.9), and apply integrative methods to reconstruct 
palaeoenvironments (SLOs 4.10–4.12). 

 

Glossary of Terms 

• Accommodation space: The available space in a basin where sediments can 
accumulate, controlled by sea-level changes and tectonic subsidence.   

 

 

• Bioturbation: The disturbance of sediments by organisms through burrowing, 
feeding, or movement, which alters sedimentary structures and redistributes 
particles.   
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• Ecological succession: The natural progression of biological communities over time, 
often reflected in the sedimentary record through changing fossil and organic 
deposits.   

 

 

• Elemental composition: The chemical make-up of a rock or sediment, used to infer 
depositional conditions, provenance, or diagenesis.   

 

 

 

• Facies analysis: The study of sedimentary facies and their associations to 
reconstruct depositional environments.   

 

 

• Fossil assemblages: Groups of fossils preserved together in a rock, which provide 
evidence of the organisms that lived in a particular environment.   

 

 

 

• Grain size: The measurement of sediment particle size, which reflects the energy of 
the depositional environment.   

 

 

• Lithological indicators: Physical features of rocks, such as grain size, sedimentary 
structures, and mineralogy, used to interpret depositional environments.   

 

 

 

• Microfossils: Very small fossils, such as foraminifera, diatoms, or pollen, that are 
useful for fine-scale environmental reconstruction and biostratigraphy.   

 

 

• Mineralogy: The study of the minerals present in rocks, which can indicate source 
areas and weathering conditions.   

 

 

 

• Reefs: Structures built by carbonate-secreting organisms such as corals, which 
generate biogenic sediments like limestone.   
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• Sea-level changes: Variations in global or local sea level that influence 
sedimentation, including transgressions (rising sea levels) and regressions (falling 
sea levels).   

 

 

 

• Sedimentary structures: Physical features formed during deposition, such as ripple 
marks, cross-bedding, and graded bedding, which provide clues about depositional 
processes.   

 

 

• Sequence stratigraphy: A branch of stratigraphy that interprets sedimentary 
sequences based on cycles of sea-level change and sediment supply.   

 

 

 

• Stable isotopes: Non-radioactive forms of elements, such as oxygen and carbon 
isotopes, used to infer palaeoclimate, palaeotemperature, and palaeosalinity.   

 

 

• Subsidence: The gradual sinking of the Earth’s crust, which creates accommodation 
space for sediments to accumulate.   

 

 

 

• Trace fossils: Preserved evidence of biological activity, such as burrows, tracks, or 
feeding marks, that provide behavioural insights into ancient organisms.   

 

 

• Vegetation: Plant life that influences sedimentation by stabilising soils, affecting 
hydrology, and contributing to organic-rich deposits such as peat.   

 

Concept Check Questions [Series 4] 

Objective questions   

1. Which lithological feature reflects the energy of the depositional environment? (Linked to 
SLO 4.1)   

2. Fossil assemblages preserved together in a rock are examples of  indicators. (Linked to 
SLO 4.2)   
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3. Oxygen and carbon isotopes are classified as  indicators. (Linked to SLO 4.3)   

4. The gradual sinking of the Earth’s crust that creates space for sediments is called . (Linked 
to SLO 4.5)   

5. Rising sea levels that cause marine environments to advance over continental areas are 
known as . (Linked to SLO 4.6)   

 

Short-answer questions   

6. Explain how grain size helps in interpreting depositional energy. (Linked to SLO 4.1)   

7. What is bioturbation and how does it affect sediments? (Linked to SLO 4.7)   

8. Describe one way vegetation influences continental sedimentation. (Linked to SLO 4.8)   

9. How is ecological succession reflected in the sedimentary record? (Linked to SLO 4.9)   

10. State one application of stable isotope analysis in palaeoenvironmental reconstruction. 
(Linked to SLO 4.3)   

 

Long-answer questions   

11. Analyse the importance of lithological, biological, and geochemical indicators in 
palaeoenvironmental interpretation. (Linked to SLOs 4.1–4.3)   

12. Evaluate the role of climate, tectonics, and sea-level changes as physical and chemical 
controls on sedimentation. (Linked to SLOs 4.4–4.6)   

13. Discuss how integrative approaches, including facies analysis and sequence 
stratigraphy, enhance palaeoenvironmental reconstruction. (Linked to SLOs 4.10–4.12)   

 

Answers to Concept Check Questions [Series 4] 

Objective questions   

1. Grain size.   

2. Biological indicators.   

3. Geochemical indicators.   

4. Subsidence.   

5. Transgression.   

 

Short-answer questions   
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6. Coarse grains indicate high-energy environments such as rivers, while fine grains suggest 
low-energy settings like lakes.   

7. Bioturbation is the disturbance of sediments by organisms through burrowing or feeding, 
which alters sedimentary structures and redistributes particles.   

8. Vegetation stabilises soils, reduces erosion, and can lead to organic-rich deposits such 
as peat.   

9. Ecological succession is reflected in changing fossil and organic deposits, showing the 
progression from pioneer species to mature ecosystems.   

10. Stable isotope analysis can be used to infer palaeoclimate, palaeotemperature, or 
palaeosalinity.   

 

Long-answer questions   

11.   

- Basic response: Lithological indicators show depositional energy and provenance, 
biological indicators reveal ecological conditions, and geochemical indicators provide 
chemical evidence of climate and water chemistry. Together, they form the foundation of 
palaeoenvironmental interpretation.   

- Value-added response: Beyond basic interpretation, these indicators allow cross-
checking of evidence, reducing uncertainty. For example, isotopic data can confirm climate 
signals suggested by fossil assemblages, while mineralogy supports provenance analysis. 
Their integration strengthens basin reconstruction and resource exploration.   

 

12.   

- Basic response: Climate influences weathering and sediment type, tectonics controls 
sediment supply and basin formation, and sea-level changes determine accommodation 
space. These factors shape how sediments are deposited and preserved.   

- Value-added response: In addition, these controls interact dynamically. For instance, 
tectonic uplift can increase sediment supply during regression, while climate shifts may 
alter sediment composition. Understanding these interactions is crucial for predicting basin 
evolution and stratigraphic sequences.   

 

13.   

- Basic response: Integrative approaches combine lithological, biological, and geochemical 
evidence with facies analysis and sequence stratigraphy, providing a more complete 
reconstruction of palaeoenvironments.   
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- Value-added response: These methods also allow geologists to predict sedimentary 
patterns and resource distribution. Case studies, such as the Niger Delta or Karoo Basin, 
demonstrate how integrative reconstruction links depositional history to practical 
applications in exploration and environmental management.   

 

Answers to Pilot Questions [Series 4] 

Part 4.1   

- Lithological indicators are physical features of rocks such as grain size, sedimentary 
structures, and mineralogy. Example: ripple marks.   

- Grain size reflects depositional energy, with coarse grains indicating high-energy 
environments and fine grains indicating low-energy settings.   

- Trace fossils.   

- Microfossils such as foraminifera or pollen.   

- Stable isotopes, particularly oxygen and carbon.   

 

Part 4.2   

- Climate influences the type of sediments produced, with humid climates favouring fine-
grained clays and arid climates producing coarse sands and gravels.   

- Chemical weathering alters minerals through reactions with water and gases, while 
physical weathering breaks rocks mechanically through processes like freeze-thaw.   

- Basin subsidence is the gradual sinking of the Earth’s crust, creating accommodation 
space for sediments to accumulate.   

- During a marine transgression, rising sea levels cause marine environments to advance 
over continental areas.   

- Sea-level changes control accommodation space by determining how much room is 
available for sediments to accumulate.   

 

Part 4.3   

- Bioturbation is the disturbance of sediments by organisms through burrowing or feeding, 
which alters sedimentary structures and redistributes particles.   

- Reefs contribute to sediment production by generating carbonate sediments such as 
limestone.   
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- Vegetation stabilises soils, reduces erosion, and influences hydrology, which affects 
sediment transport.   

- Peat formation can lead to coal deposits.   

- Ecological succession is reflected in the sedimentary record through changes in fossil 
assemblages and organic deposits over time.   

 

Part 4.4   

- It is important to combine lithological, biological, and geochemical evidence to achieve 
reliable palaeoenvironmental reconstruction and reduce uncertainty.   

- Facies analysis involves identifying and interpreting facies associations to reconstruct 
depositional environments.   

- Sequence stratigraphy is the study of sedimentary sequences bounded by unconformities, 
linked to cycles of sea-level change.   

- The Niger Delta is an example of a deltaic system where integrative reconstruction is 
applied.   

- Case studies strengthen palaeoenvironmental interpretation by demonstrating practical 
applications and validating theoretical approaches. 

 

References and Attributions [Series 4] 

The following references and attributions cover all in-text sources, illustration placeholders, 
and suggested open educational resources (OERs) used in Series 4: Palaeoenvironmental 
Criteria and Sedimentation Controls. References are presented in APA style for clarity and 
consistency.   

 

General References   

- Boggs, S. (2012). Principles of sedimentology and stratigraphy (5th ed.). Pearson 
Education.   

- Nichols, G. (2009). Sedimentology and stratigraphy (2nd ed.). Wiley-Blackwell.   

- Reading, H. G. (1996). Sedimentary environments: Processes, facies and stratigraphy (3rd 
ed.). Blackwell Science.   

 

Illustrations and Attributions   

 

- Figure 4.1: Lithological indicators of depositional environments   
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  - AI-generated prompt: “Generate a diagram illustrating grain size, ripple marks, and cross-
bedding as lithological indicators.”   

  - Suggested OER source: “sedimentology lithological indicators grain size ripple marks 
diagram OER.”   

 

- Plate 4.1: Trace fossils showing burrows and feeding marks   

  - AI-generated prompt: “Generate a photograph of trace fossils preserved in sandstone 
showing burrows and feeding marks.”   

  - Suggested OER source: “trace fossils burrows feeding marks sandstone OER image.”   

 

- Table 4.1: Examples of geochemical indicators and their applications   

  - AI-generated prompt: “Create a table listing stable isotopes and elemental compositions 
with their palaeoenvironmental applications.”   

  - Suggested OER source: “geochemical indicators stable isotopes sedimentology table 
OER.”   

 

- Figure 4.2: Climate and weathering controls on sedimentation   

  - AI-generated prompt: “Generate a diagram illustrating humid climate producing clay-rich 
sediments and arid climate producing coarse sand deposits.”   

  - Suggested OER source: “climate weathering sedimentation diagram OER.”   

 

- Figure 4.3: Tectonic and subsidence controls on sedimentation   

  - AI-generated prompt: “Generate a diagram showing tectonic uplift supplying sediments 
and basin subsidence creating accommodation space.”   

  - Suggested OER source: “tectonics basin subsidence sedimentation diagram OER.”   

 

- Box 4.1: Key effects of sea-level changes on sedimentation   

  - AI-generated prompt: “Create a text box summarising transgression, regression, and their 
impact on sedimentation.”   

  - Suggested OER source: “sea-level changes transgression regression sedimentation 
OER.”   

 

- Plate 4.2: Reef organisms contributing to sediment production   
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  - AI-generated prompt: “Generate a photograph of reef-building corals producing 
carbonate sediments.”   

  - Suggested OER source: “reef organisms carbonate sediment production OER image.”   

 

- Figure 4.4: Influence of vegetation on continental sedimentation   

  - AI-generated prompt: “Generate a diagram illustrating vegetation stabilising soils, 
affecting river sediment transport, and peat formation in wetlands.”   

  - Suggested OER source: “vegetation influence continental sedimentation diagram OER.”   

 

- Box 4.2: Examples of ecological succession in sedimentary environments   

  - AI-generated prompt: “Create a text box summarising examples of ecological succession 
in reefs, wetlands, and floodplains.”   

  - Suggested OER source: “ecological succession sedimentary environments examples 
OER.”   

 

- Figure 4.5: Integrating multiple lines of evidence in palaeoenvironmental reconstruction   

  - AI-generated prompt: “Generate a diagram illustrating lithological, biological, and 
geochemical evidence converging to reconstruct palaeoenvironments.”   

  - Suggested OER source: “integrating lithological biological geochemical evidence 
palaeoenvironment diagram OER.”   

 

- Table 4.2: Facies analysis and sequence stratigraphy in palaeoenvironmental 
reconstruction   

  - AI-generated prompt: “Create a table comparing facies analysis and sequence 
stratigraphy, with definitions and applications.”   

  - Suggested OER source: “facies analysis sequence stratigraphy palaeoenvironment 
reconstruction table OER.”   

 

- Plate 4.3: Deltaic features used in palaeoenvironmental reconstruction   

  - AI-generated prompt: “Generate a photograph of deltaic channels and wetlands in the 
Niger Delta.”   

  - Suggested OER source: “Niger Delta deltaic channels wetlands palaeoenvironment OER 
image.”   
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Course code: GEY 305 

Course title: Fundamentals of Sedimentary Flows and 
Facies.  

Units: 2 Units 

 

List of Series 

Series 1: Fundamentals of Sedimentary Flows and Facies   

Series 2: Depositional Environments: Marine and Continental Systems   

Series 3: Classification and Analysis of Sedimentary Settings  

Series 4: Paleoenvironmental Criteria and Sedimentation Controls   

Series 5: Stratigraphy and Evolution of African Sedimentary Basins   

 

5.1 Fundamentals of stratigraphy in African basins   

- 5.1.1 Principles of stratigraphic correlation   

- 5.1.2 Lithostratigraphy, biostratigraphy, and chronostratigraphy   

- 5.1.3 Methods of basin-scale stratigraphic analysis   

 

5.2 Major African sedimentary basins: distribution and characteristics   

- 5.2.1 North African basins (e.g., Sahara, Nile Delta)   

- 5.2.2 West African basins (e.g., Niger Delta, Benue Trough)   

- 5.2.3 East and Southern African basins (e.g., Karoo, East African Rift)   

 

5.3 Evolutionary history of African basins   

- 5.3.1 Tectonic controls on basin formation   

- 5.3.2 Sedimentation patterns through geological time   

- 5.3.3 Case studies of basin evolution   

 

5.4 Economic and environmental significance of African basins   
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- 5.4.1 Hydrocarbon and mineral resources   

- 5.4.2 Groundwater reservoirs and environmental management   

- 5.4.3 Basin studies in sustainable development 

 

Introduction 

Africa hosts some of the world’s most significant sedimentary basins, which record a long 
and complex geological history while also serving as repositories of vital resources such as 
hydrocarbons, minerals, and groundwater. Understanding the stratigraphy and evolution of 
these basins is therefore essential not only for reconstructing Earth’s past environments but 
also for appreciating their economic and environmental importance today. This Series will 
guide you through the principles and applications of stratigraphy within the African context, 
helping you connect theoretical knowledge with real-world examples.   

The aim of this Series is to introduce you to the stratigraphic framework of African basins 
and to explain how these basins have evolved through geological time. It also seeks to 
highlight their distribution, characteristics, and significance, equipping you with the skills to 
interpret basin histories and evaluate their practical relevance.   

We shall commence this Series by examining the fundamentals of stratigraphy in African 
basins, focusing on correlation methods and stratigraphic divisions. Next, we will explore 
the distribution and characteristics of major African sedimentary basins, including 
examples from North, West, East, and Southern Africa. Following that, we will consider the 
evolutionary history of these basins, looking at tectonic controls, sedimentation patterns, 
and selected case studies. Finally, we will wrap up by discussing the economic and 
environmental significance of African basins, with emphasis on resources, groundwater, 
and sustainable development. 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to:   

- SLO 5.1 define the principles of stratigraphic correlation in African basins,   

- SLO 5.2 explain the concepts of lithostratigraphy, biostratigraphy, and 
chronostratigraphy,   

- SLO 5.3 demonstrate methods of basin-scale stratigraphic analysis,   

- SLO 5.4 describe the distribution and characteristics of major North African sedimentary 
basins,   

- SLO 5.5 analyse the stratigraphic features of West African basins such as the Niger Delta 
and Benue Trough,   



 

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

- SLO 5.6 evaluate the depositional and tectonic characteristics of East and Southern 
African basins, including the Karoo and East African Rift,   

- SLO 5.7 explain tectonic controls on the formation and development of African basins,   

- SLO 5.8 analyse sedimentation patterns in African basins through geological time,   

- SLO 5.9 interpret selected case studies of basin evolution,   

- SLO 5.10 identify the hydrocarbon and mineral resources associated with African basins,   

- SLO 5.11 assess the role of sedimentary basins as groundwater reservoirs and their 
environmental management implications, and   

- SLO 5.12 evaluate the contribution of basin studies to sustainable development in Africa.   

 

5.1 Fundamentals of Stratigraphy in African Basins 

Stratigraphy is the study of rock layers and their organisation in time and space. In African 
basins, stratigraphy provides the framework for understanding how sediments were 
deposited, correlated, and preserved through geological history. This Part introduces the 
principles of stratigraphic correlation, the main stratigraphic divisions, and methods of 
basin-scale analysis.   

 

5.1.1 Principles of stratigraphic correlation 

Stratigraphic correlation is the process of matching rock layers from different locations to 
establish their equivalence in age or depositional environment. It allows geologists to 
reconstruct basin-wide histories and link local observations to regional frameworks. 
Correlation can be based on lithology, fossil content, or geophysical signatures.   

 

Fill in the blank: The process of matching rock layers from different locations to establish 
equivalence in age or environment is called .   
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Figure 5.1: Principles of stratigraphic correlation in African basins 

 

5.1.2 Lithostratigraphy, biostratigraphy, and chronostratigraphy 

Lithostratigraphy is the subdivision of rock units based on their lithological characteristics 
such as grain size, composition, and colour. It is the most basic form of stratigraphic 
classification.   

Biostratigraphy uses fossil content to define and correlate rock units. Fossils act as time 
markers, allowing geologists to establish relative ages.   

Chronostratigraphy focuses on the absolute or relative time of rock formation, often 
supported by radiometric dating or global stratigraphic markers.   

 

Fill in the blank: Stratigraphic subdivision based on fossil content is known as _______.   

 

 

Comparison of Stratigraphic Methods 

Category Definition 
Basic 
Unit Primary Application 

Lithostratigraphy Correlation based on the 
physical and chemical 

Formation Local mapping, identifying 
reservoir/aquifer rocks, and 
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characteristics of rocks 
(lithology). 

engineering site 
characterization. 

Biostratigraphy 

Correlation based on the 
fossil content within the 
strata. 

Biozone 

Regional to global correlation; 
determining the relative age of 
rocks where numerical dating is 
impossible. 

Chronostratigraphy 

Correlation based on time-
equivalence (absolute or 
relative age). 

Stage 

Constructing the Global 
Geologic Time Scale and 
understanding basin-wide 
events. 

 

Table 5.1: Comparison of lithostratigraphy, biostratigraphy, and chronostratigraphy 

 

5.1.3 Methods of basin-scale stratigraphic analysis 

Stratigraphic analysis at the basin scale involves integrating multiple datasets to 
reconstruct depositional history.   

- Sedimentological methods focus on facies analysis and depositional environments.   

- Palaeontological methods use fossil assemblages to refine biostratigraphic frameworks.   

- Geophysical methods such as seismic stratigraphy provide subsurface images of basin 
architecture.   

- Geochemical methods including isotope studies help identify palaeoclimate and 
diagenetic changes.   

 

Fill in the blank: Subsurface imaging of basin architecture using seismic data is part 
of  stratigraphy.   

 

Integrated Methods of Stratigraphic Analysis 

Method Core Focus Key Techniques Strategic Role 

Sedimentological Physical 
Architecture 

Facies analysis, grain-size 
distribution, and description 
of primary structures (e.g., 
cross-bedding). 

Defines the depositional 
environment (e.g., "Is this a 
river or a deep-sea fan?") 
and predicts reservoir 
quality. 



 

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

Palaeontological Biological 
Successions 

Identification of index fossils, 
biozoning, and trace fossil 
analysis (ichnology). 

Provides relative dating and 
links distant sections based 
on the "evolutionary clock" 
of ancient life. 

Geophysical Subsurface 
Geometry 

Seismic reflection profiling, 
well-logging (gamma ray, 
resistivity), and seismic 
geomorphology. 

Visualizes the 3D 
framework of the basin, 
identifying faults, 
unconformities, and hidden 
stratigraphic traps. 

Geochemical Chemical 
Fingerprints 

Isotope stratigraphy 
(\delta^{13}C, 
^{87}Sr/^{86}Sr), 
chemostratigraphy, and 
radiometric dating. 

Establishes absolute ages 
and tracks global events like 
ocean anoxia or major 
climatic shifts. 

 

Box 5.1: Selected methods of basin-scale stratigraphic analysis 

 

Pilot questions 5.1 

1. What is stratigraphic correlation and why is it important?   

2. Define lithostratigraphy and give one example of its application.   

3. Which stratigraphic division uses fossils as time markers?   

4. Name one geophysical method used in basin-scale stratigraphic analysis.   

5. How does chronostratigraphy differ from lithostratigraphy?   

 

5.2 Major African Sedimentary Basins: Distribution and 
Characteristics 

Africa contains a wide range of sedimentary basins that record its geological history and 
host important natural resources. These basins vary in size, age, and depositional 
environments, reflecting the continent’s complex tectonic evolution. In this Part, we will 
explore the distribution and characteristics of major basins across North, West, East, and 
Southern Africa.   

 

5.2.1 North African basins (Sahara, Nile Delta) 

North Africa is dominated by large intracratonic basins and passive margin settings.   
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- The Sahara Basin is characterised by thick sequences of Palaeozoic and Mesozoic 
sediments, including sandstones and shales, deposited under varying climatic conditions.   

- The Nile Delta Basin is a younger basin formed during the Cenozoic, with extensive deltaic 
deposits influenced by river input and Mediterranean sea-level changes.   

 

Fill in the blank: The Nile Delta Basin is primarily a  basin formed during the Cenozoic.   

 

 

 
Figure 5.2: Distribution of North African sedimentary basins 
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5.2.2 West African basins (Niger Delta, Benue Trough) 

West Africa hosts some of the most economically significant basins.   

- The Niger Delta Basin is a prolific hydrocarbon province, with thick sequences of deltaic 
and marine sediments deposited since the Late Cretaceous.   

- The Benue Trough is a rift basin formed during the opening of the South Atlantic, containing 
diverse sedimentary facies and volcanic intrusions.   

 

Fill in the blank: The Benue Trough was formed during the opening of the  Ocean.   

 

 
Plate 5.1: Deltaic features of the Niger Delta Basin 
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5.2.3 East and Southern African basins (Karoo, East African Rift) 

East and Southern Africa contain basins shaped by both ancient and modern tectonic 
processes.   

- The Karoo Basin is a large intracratonic basin filled with Permo-Triassic sediments, 
including glacial deposits, coal-bearing strata, and volcanic intrusions.   

- The East African Rift Basins are active rift systems characterised by lacustrine and fluvial 
deposits, reflecting ongoing tectonic extension.   

 

Fill in the blank: The Karoo Basin contains extensive  deposits from the Permo-Triassic 
period.   

 

 
Figure 5.3: Sedimentary basins of East and Southern Africa 
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Pilot questions 5.2 

1. Name two major sedimentary basins in North Africa.   

2. What type of basin is the Nile Delta and when did it form?   

3. Which West African basin is a prolific hydrocarbon province?   

4. During which tectonic event was the Benue Trough formed?   

5. What types of deposits are found in the Karoo Basin?   

 

5.3 Evolutionary History of African Basins 

The sedimentary basins of Africa have evolved through complex geological processes 
spanning hundreds of millions of years. Their development reflects the interplay of 
tectonics, sedimentation, and climatic changes. In this Part, we will examine the tectonic 
controls on basin formation, sedimentation patterns through geological time, and selected 
case studies that illustrate basin evolution.   

 

5.3.1 Tectonic controls on basin formation 

Tectonic controls refer to the influence of plate movements, rifting, and crustal deformation 
on the origin and development of basins.   

- Rift basins, such as the Benue Trough and East African Rift, formed due to crustal 
extension.   

- Foreland basins developed adjacent to mountain belts, accumulating sediments eroded 
from uplifted regions.   

- Intracratonic basins, like the Karoo, formed within stable continental interiors due to 
subsidence.   

 

Fill in the blank: Basins formed due to crustal extension, such as the East African Rift, are 
known as ______ basins.   
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Figure 5.4: Tectonic controls on basin formation in Africa 

 

5.3.2 Sedimentation patterns through geological time 

Sedimentation in African basins reflects changes in climate, sea level, and tectonics across 
geological eras.   

- Palaeozoic deposits include widespread sandstones and shales, often linked to glacial 
events.   

- Mesozoic sediments record rifting and the opening of the South Atlantic, with marine 
transgressions and deltaic deposits.   

- Cenozoic basins, such as the Nile Delta, show extensive fluvial and deltaic sedimentation 
influenced by climatic fluctuations.   
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Fill in the blank: The opening of the South Atlantic during the Mesozoic is recorded in African 
basins by widespread  deposits.   

 

Sedimentation Patterns in African Basins Through Geologic Time 

Era 
Key Basins & 
Locations 

Dominant Tectonic 
& Climatic Events 

Primary Sedimentation Patterns 

Palaeozoic 
(541 – 252 
Ma) 

Karoo Basin (South), 
Sahara Platform 
(North), Taoudeni 
Basin (West) 

Formation of 
Gondwana; massive 
glaciations; 
colonization of land 
by plants. 

Glacial to Swamp: Starts with 
glacial tillites (Dwyka Group). 
Transitioned to massive coal-
bearing deltaic sequences (Ecca 
Group) and continental "Red Beds." 

Mesozoic 
(252 – 66 Ma) 

Muglad/Melut 
Basins (Sudan), 
Atlantic Margin 
Basins, Sahara 
Platform 

Break-up of 
Gondwana; opening 
of the Atlantic and 
Indian Oceans; 
widespread rifting. 

Rift-to-Drift: Initial continental 
rifting produced deep lake 
(lacustrine) muds (source rocks). 
Followed by marine transgressions 
depositing thick limestones and 
evaporites (salt). 

Cenozoic 
(66 Ma – 
Present) 

Niger Delta 
(Nigeria), Nile Delta 
(Egypt), East African 
Rift System (East) 

Final ocean opening; 
Alpine-Himalayan 
orogeny impacts; 
active continental 
rifting. 

Deltaic Progradation & Lacustrine: 
Massive "bird's foot" deltas building 
into the ocean (sand/shale stacks). 
In the East, active rift valleys 
creating deep freshwater lake 
deposits and volcaniclastics. 

 

Table 5.2: Sedimentation patterns in African basins through geological time 

5.3.3 Case studies of basin evolution 

Case studies provide practical examples of how African basins evolved.   

- The Niger Delta Basin illustrates deltaic progradation and hydrocarbon accumulation since 
the Late Cretaceous.   

- The Karoo Basin records glacial, fluvial, and volcanic events during the Permo-Triassic, 
showing the impact of climate and tectonics.   

- The East African Rift Basins demonstrate active tectonic extension, with lacustrine 
deposits reflecting ongoing basin development.   

 

Fill in the blank: The Karoo Basin records significant  events during the Permo-Triassic 
period.   
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Plate 5.2: Sedimentary features of the Karoo Basin 

 

Pilot questions 5.3 

1. What are the three main tectonic settings of African basins?   

2. Which type of basin is the East African Rift?   

3. What types of deposits are characteristic of the Palaeozoic in Africa?   

4. How did the opening of the South Atlantic influence African sedimentation?   

5. Name one case study that illustrates deltaic progradation and hydrocarbon 
accumulation.   

 

5.4 Economic and Environmental Significance of African 
Basins 

African sedimentary basins are not only important for reconstructing geological history but 
also for their economic and environmental value. They host hydrocarbons, minerals, and 
groundwater resources that sustain industries and communities. At the same time, basin 
studies provide insights into environmental management and sustainable development. In 
this Part, we will examine their economic significance, environmental roles, and broader 
contributions to sustainability.   
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5.4.1 Hydrocarbon and mineral resources 

Sedimentary basins are the primary repositories of hydrocarbons and many mineral 
deposits.   

- The Niger Delta Basin is one of the world’s most prolific hydrocarbon provinces, with 
extensive oil and gas reserves.   

- Basins such as the Taoudeni Basin in Mauritania and Mali contain potential shale gas and 
phosphate deposits.   

- Coal-bearing strata in the Karoo Basin highlight the mineral wealth associated with 
sedimentary sequences.   

 

Fill in the blank: The Niger Delta Basin is globally recognised as a prolific  province.   



 

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

 

 

 
Figure 5.5: Hydrocarbon and mineral resources in African basins 

 

5.4.2 Groundwater reservoirs and environmental management 

Sedimentary basins also act as important groundwater reservoirs, storing and transmitting 
water through porous rocks such as sandstones and carbonates.   

- The Nubian Sandstone Aquifer System in North Africa is one of the largest fossil aquifers in 
the world.   
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- Basin studies help identify recharge zones, water quality, and sustainable extraction 
methods.   

- Environmental management requires balancing resource use with conservation, 
especially in arid regions where groundwater is vital.   

 

Fill in the blank: The Nubian Sandstone Aquifer System is one of the largest  aquifers in the 
world.   

 

 

 
Plate 5.3: Groundwater utilisation in sedimentary basins 
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5.4.3 Basin studies in sustainable development 

Basin studies contribute to sustainable development by linking geological knowledge with 
resource management and environmental protection.   

- Hydrocarbon exploration must be balanced with ecological concerns such as habitat 
preservation and pollution control.   

- Groundwater management ensures long-term water security for communities.   

- Basin-scale studies provide frameworks for integrating economic growth with 
environmental sustainability.   

 

Fill in the blank: Basin studies contribute to sustainable development by linking geological 
knowledge with  management and environmental protection.   

 

Basin Studies: A Foundation for Africa’s Sustainable Development 
Basin studies integrate geological, hydrological, and environmental data to provide a 
holistic framework for managing Africa’s natural wealth. By treating basins as "natural units" 
rather than administrative ones, these studies enable a balance between economic growth 
and ecological preservation. 

1. Resource Management & Economic Growth 

• Hydrocarbon & Mineral Exploration: Basin analysis identifies the structural and 
thermal histories required for the accumulation of oil, gas, and metallic ores (e.g., 
the Niger Delta or Congo Basin), ensuring efficient extraction strategies. 

• Water Security: Mapping aquifers within sedimentary basins is critical for 
sustainable groundwater withdrawal, supporting irrigation and drinking water for 
millions. 

• Energy Transition: Studies assess the potential for hydropower and geothermal 
energy within rift basins, supporting UN SDG 7 (Affordable and Clean Energy). 

2. Environmental Protection & Climate Resilience 

• Ecosystem Preservation: Basin-wide monitoring helps protect "carbon sinks" like 
the Congo Basin peatlands, which are vital for global climate regulation. 

• Pollution Control: Geochemical modeling allows for the tracking of industrial and 
mining runoff, preventing the contamination of transboundary river systems. 

• Climate Adaptation: Sedimentary and hydrological records within basins help 
scientists predict future shifts in rainfall and desertification, informing disaster risk 
management. 
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3. Collaborative Governance (OER & Transboundary Policy) 

• Data Sharing: Open Educational Resources (OER) and initiatives like Africa GIS 
democratize geological data, allowing cross-border authorities (e.g., the Niger Basin 
Authority) to coordinate on shared resources. 

• Integrated Management: By understanding the "upstream-downstream" 
connection, basin studies reduce conflicts over water rights and land use, fostering 
regional stability. 

Box 5.2: Contributions of basin studies to sustainable development 

 

Pilot questions 5.4 

1. Which African basin is globally recognised for its hydrocarbon reserves?   

2. Name one mineral resource associated with the Karoo Basin.   

3. What is the Nubian Sandstone Aquifer System known for?   

4. How do basin studies support groundwater management?   

5. In what ways do basin studies contribute to sustainable development?   

 

Series Summary 

This Series has explored the stratigraphy and evolution of African sedimentary basins, 
emphasising their importance for understanding geological history and resource potential. 
Its purpose has been to provide you with a clear framework for interpreting basin 
development, while also highlighting the economic and environmental significance of these 
systems. By situating stratigraphy within the African context, the Series has shown how 
principles of correlation, stratigraphic divisions, and basin-scale analysis are applied to 
real-world examples.   

We began with the fundamentals of stratigraphy, examining correlation methods and the 
roles of lithostratigraphy, biostratigraphy, and chronostratigraphy. Then we moved on to the 
distribution and characteristics of major basins across North, West, East, and Southern 
Africa. Following that, we considered the evolutionary history of these basins, focusing on 
tectonic controls, sedimentation patterns, and case studies such as the Niger Delta, Karoo, 
and East African Rift. Finally, we concluded with their economic and environmental 
significance, including hydrocarbons, minerals, groundwater, and sustainable 
development. By completing this Series, you should now be able to define and explain 
stratigraphic principles (SLOs 5.1–5.3), describe and analyse basin distribution and features 
(SLOs 5.4–5.6), evaluate tectonic and sedimentation controls (SLOs 5.7–5.9), and assess 
the economic and environmental roles of African basins (SLOs 5.10–5.12). 
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Glossary of Terms 

• Biostratigraphy: A branch of stratigraphy that uses fossils preserved in rock layers to 
define and correlate units, helping to establish their relative ages.   

 

 

• Chronostratigraphy: The subdivision of rock layers based on their age, often 
supported by radiometric dating or global stratigraphic markers.   

 

 

 

• Deltaic progradation: The outward growth of a delta into a body of water as sediments 
are deposited by rivers over time.   

 

 

• Foreland basin: A sedimentary basin that forms adjacent to a mountain belt, where 
sediments accumulate from erosion of the uplifted region.   

 

 

 

• Groundwater reservoir: A subsurface body of water stored and transmitted through 
porous rocks such as sandstones or carbonates.   

 

 

• Hydrocarbon province: A region within a sedimentary basin that contains significant 
accumulations of oil and gas.   

 

 

 

• Intracratonic basin: A sedimentary basin that develops within the stable interior of a 
continent, often due to crustal subsidence.   

 

 

• Karoo Basin: A large intracratonic basin in Southern Africa filled with Permo-Triassic 
sediments, including coal-bearing strata and volcanic intrusions.   

 

 

 

• Lithostratigraphy: The subdivision of rock units based on their physical 
characteristics such as grain size, composition, and colour.   
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• Niger Delta Basin: A major West African basin known for its extensive deltaic deposits 
and prolific hydrocarbon reserves.   

 

 

 

• Nile Delta Basin: A Cenozoic basin in North Africa formed by river input and 
Mediterranean sea-level changes, characterised by deltaic sediments.   

 

 

• Nubian Sandstone Aquifer System: One of the largest fossil aquifers in the world, 
located in North Africa, storing vast amounts of groundwater.   

 

 

 

• Rift basin: A sedimentary basin formed by crustal extension, where the Earth’s crust 
is pulled apart, creating space for sediments to accumulate.   

 

 

• Sedimentation patterns: The arrangement and types of sediments deposited in 
basins over geological time, influenced by climate, tectonics, and sea-level 
changes.   

 

 

 

• Stratigraphic correlation: The process of matching rock layers from different 
locations to establish their equivalence in age or depositional environment.   

 

Concept Check Questions [Series 5] 

Objective questions   

1. Stratigraphic subdivision based on fossil content is known as . (Linked to SLO 5.2)   

2. Which African basin is globally recognised as a prolific hydrocarbon province? (Linked to 
SLO 5.10)   

3. The Nubian Sandstone Aquifer System is one of the largest  aquifers in the world. (Linked 
to SLO 5.11)   

4. Basins formed due to crustal extension, such as the East African Rift, are called  basins. 
(Linked to SLO 5.7)   

5. The opening of the South Atlantic during the Mesozoic is recorded in African basins by 
widespread  deposits. (Linked to SLO 5.8)   
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Short-answer questions   

6. Define lithostratigraphy and give one example of its application. (Linked to SLO 5.1)   

7. Explain how stratigraphic correlation helps in basin-scale analysis. (Linked to SLO 5.3)   

8. Describe one characteristic of the Karoo Basin. (Linked to SLO 5.6)   

9. What tectonic event led to the formation of the Benue Trough? (Linked to SLO 5.7)   

10. State one way basin studies contribute to sustainable development. (Linked to SLO 
5.12)   

 

Long-answer questions   

11. Analyse the differences between lithostratigraphy, biostratigraphy, and 
chronostratigraphy. (Linked to SLOs 5.1–5.2)   

12. Evaluate the distribution and characteristics of major African basins, with examples 
from North, West, East, and Southern Africa. (Linked to SLOs 5.4–5.6)   

13. Discuss the evolutionary history of African basins, focusing on tectonic controls and 
sedimentation patterns. (Linked to SLOs 5.7–5.9)   

14. Assess the economic and environmental significance of African basins, highlighting 
hydrocarbons, minerals, groundwater, and sustainability. (Linked to SLOs 5.10–5.12)   

 

--- 

 

Answers to Concept Check Questions [Series 5] 

 

Objective questions   

1. Biostratigraphy.   

2. Niger Delta Basin.   

3. Fossil.   

4. Rift basins.   

5. Marine.   

 

Short-answer questions   
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6. Lithostratigraphy is the subdivision of rock units based on their physical characteristics 
such as grain size, composition, and colour. For example, sandstone formations can be 
distinguished from shale units.   

7. Stratigraphic correlation allows geologists to match rock layers across different 
locations, helping to reconstruct basin-wide depositional histories.   

8. The Karoo Basin contains extensive coal-bearing strata from the Permo-Triassic period.   

9. The Benue Trough was formed during the opening of the South Atlantic Ocean.   

10. Basin studies support sustainable development by linking geological knowledge with 
resource management and environmental protection.   

 

Long-answer questions   

11.   

- Basic response: Lithostratigraphy classifies rocks by physical features, biostratigraphy 
uses fossils as time markers, and chronostratigraphy focuses on the age of rock units.   

- Value-added response: These divisions complement one another. For example, 
lithostratigraphy provides a physical framework, biostratigraphy refines correlations using 
fossil evidence, and chronostratigraphy anchors sequences in geological time through 
radiometric dating. Together, they enhance basin-scale analysis.   

 

12.   

- Basic response: North Africa includes the Sahara and Nile Delta basins; West Africa hosts 
the Niger Delta and Benue Trough; East and Southern Africa include the Karoo and East 
African Rift basins. Each has distinctive depositional environments.   

- Value-added response: Beyond distribution, their characteristics reflect tectonic and 
climatic influences. For instance, the Niger Delta is a hydrocarbon-rich deltaic system, 
while the Karoo records glacial and volcanic events. Comparing these basins highlights 
Africa’s diverse geological history and resource potential.   

 

13.   

- Basic response: Rift basins formed through crustal extension, foreland basins developed 
near mountain belts, and intracratonic basins formed in stable interiors. Sedimentation 
patterns vary across eras, with Palaeozoic sandstones, Mesozoic marine deposits, and 
Cenozoic deltaic sediments.   

- Value-added response: The evolutionary history also reflects global events such as the 
opening of the South Atlantic and regional tectonics like the East African Rift. These 
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processes shaped basin architecture and influenced resource distribution, making them 
critical for exploration and environmental studies.   

 

14.   

- Basic response: African basins are economically significant for hydrocarbons, minerals, 
and coal, and environmentally important as groundwater reservoirs. They also contribute to 
sustainable development.   

- Value-added response: Their significance extends to balancing resource exploitation with 
environmental management. For example, hydrocarbon exploration in the Niger Delta must 
address ecological impacts, while groundwater extraction from the Nubian Aquifer requires 
sustainable practices. Basin studies thus integrate economic growth with long-term 
environmental stewardship.   

 

Answers to Pilot Questions [Series 5] 

Part 5.1   

- Stratigraphic correlation is the process of matching rock layers from different locations to 
establish equivalence in age or depositional environment.   

- Lithostratigraphy is the subdivision of rock units based on their physical characteristics, 
such as grain size or composition.   

- Biostratigraphy.   

- Seismic stratigraphy.   

- Chronostratigraphy focuses on the age of rock units, while lithostratigraphy is based on 
physical features.   

 

Part 5.2   

- The Sahara Basin and the Nile Delta Basin.   

- A Cenozoic basin formed by river input and Mediterranean sea-level changes.   

- The Niger Delta Basin.   

- The opening of the South Atlantic Ocean.   

- Coal-bearing strata.   

 

Part 5.3   

- Rift basins, foreland basins, and intracratonic basins.   
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- A rift basin.   

- Sandstones and shales, often linked to glacial events.   

- It led to widespread marine transgressions and deltaic deposits.   

- The Niger Delta Basin.   

 

Part 5.4   

- The Niger Delta Basin.   

- Coal.   

- Being one of the largest fossil aquifers in the world.   

- By identifying recharge zones, water quality, and sustainable extraction methods.   

- They integrate geological knowledge with resource management and environmental 
protection. 

 

References and Attributions [Series 5] 

The following references and attributions cover all in-text sources, illustration placeholders, 
and suggested open educational resources (OERs) used in Series 5: Stratigraphy and 
Evolution of African Basins. References are presented in APA style for clarity and 
consistency.   

 

General References   

- Boggs, S. (2012). Principles of sedimentology and stratigraphy (5th ed.). Pearson 
Education.   

- Nichols, G. (2009). Sedimentology and stratigraphy (2nd ed.). Wiley-Blackwell.   

- Reading, H. G. (1996). Sedimentary environments: Processes, facies and stratigraphy (3rd 
ed.). Blackwell Science.   

- Selley, R. C. (2000). Applied sedimentology (2nd ed.). Academic Press.   

 

Illustrations and Attributions   

 

- Figure 5.1: Principles of stratigraphic correlation in African basins   

  - AI-generated prompt: “Generate a diagram showing stratigraphic correlation across three 
basin sections using lithology and fossils.”   

  - Suggested OER source: “stratigraphic correlation diagram sedimentary basins OER.”   
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- Table 5.1: Comparison of lithostratigraphy, biostratigraphy, and chronostratigraphy   

  - AI-generated prompt: “Create a table comparing lithostratigraphy, biostratigraphy, and 
chronostratigraphy with definitions and applications.”   

  - Suggested OER source: “lithostratigraphy biostratigraphy chronostratigraphy comparison 
table OER.”   

 

- Box 5.1: Selected methods of basin-scale stratigraphic analysis   

  - AI-generated prompt: “Create a text box summarising sedimentological, 
palaeontological, geophysical, and geochemical methods of stratigraphic analysis.”   

  - Suggested OER source: “basin-scale stratigraphic analysis methods sedimentology 
geophysics OER.”   

 

- Figure 5.2: Distribution of North African sedimentary basins   

  - AI-generated prompt: “Generate a map highlighting the Sahara Basin and Nile Delta Basin 
in North Africa.”   

  - Suggested OER source: “North African sedimentary basins Sahara Nile Delta map OER.”   

 

- Plate 5.1: Deltaic features of the Niger Delta Basin   

  - AI-generated prompt: “Generate a photograph of deltaic channels and wetlands in the 
Niger Delta Basin.”   

  - Suggested OER source: “Niger Delta Basin deltaic channels wetlands OER image.”   

 

- Figure 5.3: Sedimentary basins of East and Southern Africa   

  - AI-generated prompt: “Generate a diagram showing East African Rift basins with 
lacustrine and fluvial deposits, alongside the Karoo Basin.”   

  - Suggested OER source: “East African Rift Karoo Basin sedimentary deposits diagram 
OER.”   

 

- Figure 5.4: Tectonic controls on basin formation in Africa   

  - AI-generated prompt: “Generate a diagram illustrating rift, foreland, and intracratonic 
basins in Africa.”   

  - Suggested OER source: “tectonic controls basin formation Africa diagram OER.”   
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- Table 5.2: Sedimentation patterns in African basins through geological time   

  - AI-generated prompt: “Create a table summarising Palaeozoic, Mesozoic, and Cenozoic 
sedimentation patterns in African basins.”   

  - Suggested OER source: “African basins sedimentation patterns geological time table 
OER.”   

 

- Plate 5.2: Sedimentary features of the Karoo Basin   

  - AI-generated prompt: “Generate a photograph of Karoo Basin outcrops showing coal-
bearing strata.”   

  - Suggested OER source: “Karoo Basin coal-bearing strata outcrop OER image.”   

 

- Figure 5.5: Hydrocarbon and mineral resources in African basins   

  - AI-generated prompt: “Generate a map highlighting African basins with hydrocarbon and 
mineral resources, including Niger Delta and Karoo.”   

  - Suggested OER source: “African basins hydrocarbon mineral resources map OER.”   

 

- Plate 5.3: Groundwater utilisation in sedimentary basins   

  - AI-generated prompt: “Generate a photograph showing groundwater extraction from 
wells in North African sedimentary basins.”   

  - Suggested OER source: “Nubian Sandstone Aquifer groundwater extraction OER image.”   

 

- Box 5.2: Contributions of basin studies to sustainable development   

  - AI-generated prompt: “Create a text box summarising how basin studies support 
sustainable development through resource management and environmental protection.”   

  - Suggested OER source: “African basins sustainable development geology OER.”   

 

 

 

 

 

 

 



 

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

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


