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Course code: GEY 313 

Course title: Structural Geology  

Units: 3 Units 

List of series  

Series 1: Fundamentals of Rock Dynamics and Stress-Strain Relationships   

Series 2: Faults, Folds, Shears, and Ring Dykes   

Series 3: Introduction to Crustal Tectonics and Deformational Structures   

Series 4: Geological Map Study, Problems, and Interpretation   

Series 5: Stereographic Projection and Structural Mapping Practice   

 

1.1 Dynamics of Rocks   

- 1.1.1 Definition and scope of rock dynamics   

- 1.1.2 Physical properties of rocks influencing deformation   

- 1.1.3 Behaviour of rocks under different environmental conditions   

 

1.2 Stress in Rocks   

- 1.2.1 Definition of stress   

- 1.2.2 Types of stress: compressional, tensional, shear   

- 1.2.3 Measurement and representation of stress in geology   

 

1.3 Strain in Rocks   

- 1.3.1 Definition of strain   

- 1.3.2 Types of strain: elastic, plastic, brittle   

- 1.3.3 Factors controlling strain behaviour   

 

1.4 Stress-Strain Relationships   

- 1.4.1 Stress-strain curves and their geological significance   

- 1.4.2 Elastic limit, yield point, and fracture point   

- 1.4.3 Geological implications of stress-strain behaviour   



 

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

 

1.5 Applications in Structural Geology   

- 1.5.1 Role of stress-strain analysis in understanding faults and folds   

- 1.5.2 Importance in crustal deformation studies   

- 1.5.3 Practical examples in geological mapping   

 

Introduction 

Rocks form the very foundation of the earth’s crust, yet they are far from static. They respond 
to forces acting upon them, sometimes bending gently and at other times breaking abruptly. 
Understanding how rocks behave under different conditions is essential for interpreting the 
structures we see in the field, such as folds, faults, and fractures. This Series introduces you 
to the fundamental principles of rock dynamics and stress-strain relationships, which are 
central to the study of structural geology and provide the basis for more advanced topics 
later in the course.   

The aim of this Series is to equip you with the knowledge and skills to define, explain, and 
analyse the dynamics of rocks, the nature of stress and strain, and the relationships 
between them. By the end of this Series, you should be able to evaluate how these concepts 
apply to geological structures and their interpretation.   

We shall commence this Series by exploring the dynamics of rocks, focusing on their 
properties and behaviour under varying conditions. Next, we will examine the concept of 
stress in rocks, including its types and representation. Following that, we will move on to 
strain, considering its forms and controlling factors. Subsequently, we will study stress-
strain relationships, looking at curves, limits, and their geological implications. Finally, we 
will wrap up by discussing practical applications of stress-strain analysis in structural 
geology, particularly in relation to faults, folds, and crustal deformation. 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to:   

- SLO 1.1 define the concept of rock dynamics and explain the physical properties that 
influence rock behaviour,   

- SLO 1.2 describe the nature of stress in rocks and classify its main types,   

- SLO 1.3 explain the concept of strain in rocks and distinguish between elastic, plastic, and 
brittle strain behaviours,   

- SLO 1.4 analyse stress-strain relationships using curves and identify their geological 
significance, and   
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- SLO 1.5 apply stress-strain principles to evaluate geological structures such as faults, 
folds, and crustal deformation. 

 

1.1 Dynamics of Rocks 

1.1.1 Definition and scope of rock dynamics 

The study of rock dynamics refers to the examination of how rocks respond to forces and 
conditions within the earth’s crust. Rock dynamics encompasses the physical behaviour of 
rocks under stress, including their ability to deform, fracture, or remain stable. This area of 
study is crucial because it provides the foundation for understanding larger geological 
structures such as folds, faults, and fractures.   

When we speak of rock dynamics, we are essentially asking: how do rocks behave when 
subjected to forces from within the earth? The answer depends on their composition, 
environment, and the magnitude of the forces applied.   

 

Fill in the blank: Rock dynamics is the study of how rocks  when subjected to forces within 
the earth’s crust.   
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Figure 1.1 Behaviour of rocks under stress. 

1.1.2 Physical properties of rocks influencing deformation 

The physical properties of rocks are the measurable characteristics that determine how 
rocks respond to stress. These include mineral composition (the types of minerals present 
and their bonding), texture (the arrangement and size of grains), porosity (the amount of void 
space), and density (mass per unit volume).   

For example, rocks with high porosity may deform more easily under stress compared to 
dense crystalline rocks. Similarly, fine-grained rocks may exhibit different behaviours 
compared to coarse-grained ones.   

 

Fill in the blank: Rocks with high ______ tend to deform more easily under stress compared 
to dense crystalline rocks.   
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Rock Property Definition & Examples Influence on Deformation Behavior 

Composition 
(Mineralogy) 

The specific minerals that 
make up the rock (e.g., 
Quartz, Calcite, Clays). 

Strong/Brittle: Minerals with strong 
covalent/ionic bonds like Quartz and Feldspar 
resist deformation but fail suddenly (fracture) at 
low depths.  

Weak/Ductile: Layers of phyllosilicates (Clays, 
Micas) or Calcite act as lubricants, allowing for 
easy folding and flow. 

Texture 

The size, shape, and 
arrangement of grains or 
crystals (e.g., Clastic vs. 
Crystalline). 

Crystalline: Interlocking crystals (Granite) are 
generally stronger and more brittle.  

Foliated/Stratified: Planes of weakness (bedding 
in Shale, foliation in Schist) cause anisotropy, 
where rocks deform or fail much more easily 
along those pre-existing surfaces. 

Porosity 
The percentage of void 
space within the rock. 

Weakening Effect: High porosity (e.g., 
Sandstone, Vesicular Basalt) significantly 
reduces a rock's compressive and shear 
strength.  

Fluid Influence: Pore spaces often contain 
water; high fluid pressure reduces "effective 
stress," triggering brittle failure (faulting) even at 
great depths. 

Density 

The mass per unit volume 
(governed by mineralogy 
and porosity). 

Confining Pressure: Higher density rocks often 
require greater stress to initiate deformation.  

Depth Relationship: As density increases with 
depth (due to compaction and mineral phase 
changes), rocks transition from brittle behavior 
to ductile flow. 

 

 Table 1.1 Selected physical properties of rocks and their influence on deformation. 

 

 

1.1.3 Behaviour of rocks under different environmental conditions 

The behaviour of rocks refers to the way they respond to stress depending on environmental 
factors such as temperature, pressure, and presence of fluids. At low temperatures and 
pressures, rocks are more likely to break in a brittle manner. At higher temperatures and 
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pressures, they may bend or flow plastically. The presence of fluids often reduces the 
strength of rocks, making them more susceptible to deformation.   

This explains why rocks deep within the earth’s crust often show ductile behaviour, forming 
folds, while those near the surface tend to fracture and form faults.   

 

Fill in the blank: At high temperatures and pressures, rocks are more likely to deform in a 
_____ manner rather than 

fracturing.   

 

Plate 1.1 Comparison of brittle and ductile behaviour of rocks. 

Pilot questions 1.1 

1. Which term refers to the study of how rocks respond to forces within the earth’s crust?   

2. Name two physical properties of rocks that influence their deformation.   

3. What type of behaviour do rocks exhibit at low temperatures and pressures?   

4. How does porosity affect the deformation of rocks?   
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5. What environmental factor can reduce the strength of rocks and make them more 
susceptible to deformation?   

 

1.2 Stress in Rocks 

1.2.1 Definition of stress 

In geology, stress is defined as the force applied per unit area within a rock body. It 
represents the intensity of internal forces acting on rocks due to tectonic movements, 
gravity, or other geological processes. Stress is a fundamental concept because it 
determines how rocks deform, whether they bend, break, or flow.   

Stress is usually expressed in units of pressure, such as pascals, and is considered in terms 
of direction as well as magnitude. This directional nature makes stress a vector quantity, 
meaning it has both size and orientation.   

 

Fill in the blank: Stress is the force applied per unit  within a rock body.   
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Figure 1.2 Representation of stress acting on a rock body. 

 

1.2.2 Types of stress: compressional, tensional, shear 

There are three main types of stress that affect rocks:   

- Compressional stress occurs when rocks are pushed together, leading to shortening and 
thickening.   

- Tensional stress happens when rocks are pulled apart, resulting in stretching and 
thinning.   

- Shear stress arises when forces act parallel but in opposite directions, causing rocks to 
slide past one another.   
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Each type of stress produces distinctive geological structures. For example, compressional 
stress often leads to folds, tensional stress can create fractures or rift valleys, and shear 
stress is commonly associated with fault zones.   

 

Fill in the blank: When rocks are pulled apart, they experience  stress.   

 

 
 Plate 1.2 Types of stress in rocks. 

 

1.2.3 Measurement and representation of stress in geology 

Stress in rocks is measured using the concept of stress tensors, which describe the 
magnitude and direction of stress acting at a point. In practice, geologists often represent 
stress using arrows or diagrams to show orientation and intensity.   

Laboratory experiments on rock samples also help determine how much stress a rock can 
withstand before deforming or breaking. These measurements are crucial for predicting 
geological hazards such as earthquakes.   

 

Fill in the blank: Stress in geology is often represented using ____ to show orientation and 
intensity.   
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Methods of Representing Stress in Geology 

1. The Stress Tensor 

• Description: A mathematical matrix that describes the stress state at a specific 
point in three dimensions. It consists of nine components: three normal stresses 
(\sigma_{xx}, \sigma_{yy}, \sigma_{zz}) and six shear stresses. 

• Significance: Because the tensor is symmetric, it can be "rotated" to find the 
Principal Stresses (\sigma_1, \sigma_2, \sigma_3), where all shear stresses are 
zero. This is the starting point for almost all computer-based tectonic modeling. 

2. Mohr’s Circle for Stress 

• Description: A 2D graphical representation of the relationship between normal 
stress (\sigma) and shear stress (\tau) on planes of any orientation. 

• Significance: It allows geologists to visualize when a rock will fail. By plotting a rock's 
"Failure Envelope" against the Mohr's circle, one can determine if the current stress 
state will result in a new fault or if an existing fault will be reactivated. 

3. Stress Ellipsoids 

• Description: A 3D visual representation where the axes of the ellipsoid correspond 
to the magnitude and direction of the three principal stresses: Maximum (\sigma_1), 
Intermediate (\sigma_2), and Minimum (\sigma_3). 

• Significance: It provides an intuitive "shape" to the stress field, helping geologists 
relate stress to large-scale structures like mountain belts or rift zones. 

4. Focal Mechanisms ("Beachballs") 

• Description: A circular diagram used in seismology to represent the orientation of 
the fault plane and the direction of slip during an earthquake. 

• Significance: These diagrams tell us the "type" of stress currently acting on a region 
(e.g., whether a hidden fault is moving due to compression or tension) 

Caption: Box 1.1 Selected methods of representing stress in geology. 

 

Pilot questions 1.2 

1. What is the definition of stress in geology?   

2. Name the three main types of stress that affect rocks.   

3. Which type of stress leads to shortening and thickening of rocks?   
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4. What tool or concept is used to measure stress magnitude and direction in geology?   

5. How is stress commonly represented in geological diagrams?   

 

1.3 Strain in Rocks 

1.3.1 Definition of strain 

In geology, strain is defined as the change in shape or size of a rock body as a result of 
applied stress. While stress refers to the force acting on the rock, strain describes the rock’s 
response to that force. Strain can be temporary or permanent depending on the conditions 
and the properties of the rock.   

For example, when a rock is subjected to stress, it may stretch, compress, or shear. These 
changes are measured relative to the rock’s original dimensions.   

 

Fill in the blank: Strain is the change in  or size of a rock body due to applied stress.   
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Figure 1.3 Representation of strain in rocks. 

 

1.3.2 Types of strain: elastic, plastic, brittle 

There are three main types of strain that rocks exhibit:   

- Elastic strain occurs when rocks deform under stress but return to their original shape once 
the stress is removed.   

- Plastic strain happens when rocks deform permanently without fracturing, even after the 
stress is removed.   
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- Brittle strain results in the breaking or fracturing of rocks when stress exceeds their 
strength.   

These types of strain are influenced by factors such as temperature, pressure, and rock 
composition. For instance, rocks at shallow depths often exhibit brittle strain, while those 
deeper in the crust may show plastic strain.   

 

Fill in the blank: Rocks that deform permanently without fracturing are said to 
exhibit  strain.   

 

 

 
 Plate 1.3 Types of strain in rocks. 

 

1.3.3 Factors controlling strain behaviour 

The behaviour of rocks under strain is controlled by several factors:   

- Temperature: Higher temperatures make rocks more ductile, allowing them to bend rather 
than break.   

- Pressure: Increased pressure tends to enhance ductile behaviour, reducing the likelihood 
of brittle fracture.   
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- Rock composition: Different minerals and textures influence whether rocks deform 
elastically, plastically, or in a brittle manner.   

- Time: The rate at which stress is applied also matters. Slow, continuous stress often leads 
to ductile deformation, while sudden stress can cause brittle fracture.   

These factors explain why rocks at different depths in the earth’s crust behave differently 
under stress.   

 

Fill in the blank: Slow, continuous stress often leads to  deformation, while sudden stress 
can cause brittle fracture.   

 

Factors Controlling Strain Behavior in Rocks 

1. Temperature (T) 

• Effect: Higher temperatures promote ductile behavior. 
• Mechanism: Heat provides the energy for atoms to move within mineral lattices 

(diffusion) and allows for recrystallization. Cold rocks are generally brittle and 
fracture easily. 

2. Confining Pressure (P) 

• Effect: Increased pressure inhibits fracturing and promotes ductile flow. 
• Mechanism: High pressure "holds" the rock together, making it harder for cracks to 

form and spread. This is why rocks deep in the crust fold rather than fault. 

3. Composition & Presence of Fluids 

• Effect: Soft minerals (calcite, mica, clay) and water increase ductility. 
• Mechanism: High-strength minerals like quartz make a rock brittle. Pore fluids 

reduce "effective stress," which can actually trigger brittle failure (hydrofracturing) 
even at high pressures. 

4. Strain Rate (Time) 

• Effect: Fast deformation leads to brittle failure; slow deformation leads to ductile 
flow. 

• Mechanism: If stress is applied slowly enough (over millions of years), atoms have 
time to rearrange. If applied instantly (like an earthquake), the rock cannot adjust and 
will snap. 

Summary Table: Brittle vs. Ductile Conditions 
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Factor Favors Brittle Behavior (Fracturing) Favors Ductile Behavior (Folding/Flow) 

Temperature Low (Shallow crust) High (Deep crust) 

Pressure Low (Surface) High (Depth) 

Strain Rate Fast (Impacts, Earthquakes) Slow (Tectonic plate movement) 

Mineralogy Quartz, Feldspar (Felsic) Mica, Calcite, Clays (Mafic/Sedimentary) 

 

Box 1.2 Factors controlling strain behaviour in rocks. 

 

Pilot questions 1.3 

1. What is the definition of strain in geology?   

2. Name the three main types of strain in rocks.   

3. Which type of strain allows rocks to return to their original shape after stress is removed?   

4. How does temperature influence strain behaviour in rocks?   

5. What type of deformation is most likely to occur under slow, continuous stress?   

 

1.4 Stress-Strain Relationships 

1.4.1 Stress-strain curves and their geological significance 

A stress-strain curve is a graphical representation showing how a rock responds to 
increasing stress. The horizontal axis represents strain (change in shape or size), while the 
vertical axis represents stress (force per unit area). These curves are important because they 
reveal the mechanical behaviour of rocks, including whether they deform elastically, 
plastically, or fracture.   

In geology, stress-strain curves help us understand how rocks behave under different 
conditions, which in turn explains the formation of structures such as folds and faults. For 
example, a steep curve indicates strong resistance to deformation, while a flatter curve 
suggests ductile behaviour.   

 

Fill in the blank: A stress-strain curve shows how a rock responds to increasing .   
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Figure 1.4 Stress-strain curve illustrating rock behaviour. 

 

1.4.2 Elastic limit, yield point, and fracture point 

The elastic limit is the maximum stress a rock can withstand while still returning to its 
original shape once the stress is removed. Beyond this point, permanent deformation 
occurs.   

The yield point marks the beginning of plastic deformation, where the rock changes shape 
permanently without fracturing.   
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The fracture point is reached when the rock can no longer sustain the stress and breaks. 
These points are critical for geologists because they indicate the thresholds at which rocks 
change behaviour, which is essential for predicting geological events such as earthquakes.   

 

Fill in the blank: The point at which a rock begins permanent deformation without fracturing 
is called the  point.   

 

Key Points on the Stress-Strain Curve 

1. Elastic Limit 

• Definition: The maximum stress a rock can withstand while still being able to return 
to its original shape and volume once the stress is removed. 

• Geological Context: Stress levels below this limit result in reversible deformation. 
Small-scale tectonic adjustments or the passage of seismic waves often fall within 
this range. 

2. Yield Point 

• Definition: The point at which the rock transitions from elastic (reversible) behavior 
to plastic (permanent) behavior. 

• Geological Context: Once a rock passes its yield point, it has reached its ductile 
phase. Even if the tectonic forces stop, the rock will remain permanently folded or 
thinned. 

3. Ultimate Strength 

• Definition: The maximum amount of stress a rock can sustain before it begins to fail 
or "neck" (thin out significantly). 

• Geological Context: This represents the peak resistance of the rock. Beyond this 
point, the internal structure is compromised, leading toward fracture. 

4. Fracture Point (Failure Point) 

• Definition: The specific amount of stress at which the rock loses all cohesion and 
breaks into two or more pieces. 

• Geological Context: In the shallow crust, this point is reached quickly, resulting in 
faulting. At depth, rocks may never reach a clean fracture point, instead flowing 
indefinitely in a plastic state. 

Box 1.3 Key points on a stress-strain curve. 

 

1.4.3 Geological implications of stress-strain behaviour 
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The behaviour of rocks under stress-strain conditions has direct geological implications. 
Elastic behaviour explains why rocks can store energy, which may later be released during 
earthquakes. Plastic behaviour accounts for the formation of folds and ductile structures 
deep within the crust. Brittle behaviour explains the occurrence of faults and fractures near 
the surface.   

By studying stress-strain relationships, geologists can evaluate the stability of rock masses, 
predict structural formations, and assess potential hazards. This knowledge is vital in fields 
such as engineering geology, mining, and earthquake studies.   

 

Fill in the blank: Elastic behaviour of rocks explains why they can store , which may later be 
released during earthquakes.   
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Plate 1.4 Geological implications of stress-strain behaviour. 

 

Pilot questions 1.4 

1. What does a stress-strain curve represent in geology?   

2. Define the elastic limit of a rock.   

3. What point marks the beginning of permanent deformation without fracturing?   

4. Which point on the stress-strain curve indicates when a rock breaks?   
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5. How does elastic behaviour of rocks relate to earthquakes?   

 

 

1.5 Applications in Structural Geology 

1.5.1 Role of stress-strain analysis in understanding faults and folds 

Stress-strain analysis provides geologists with a framework to explain how faults and folds 
develop. A fault is a fracture in the earth’s crust along which movement has occurred, while 
a fold is a bend in rock layers caused by compressional forces. By examining stress-strain 
behaviour, geologists can determine whether rocks will fracture in a brittle manner or bend 
plastically to form folds.   

For example, brittle strain under tensional stress often leads to normal faults, while ductile 
strain under compressional stress produces folds. This analysis is therefore essential for 
interpreting the geometry and evolution of structural features.   

 

Fill in the blank: A fracture in the earth’s crust along which movement has occurred is called 
a .   
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 Figure 1.5 Faults and folds explained through stress-strain analysis. 

 

1.5.2 Importance in crustal deformation studies 

The study of stress-strain relationships is vital for understanding crustal deformation, which 
refers to the bending, breaking, and reshaping of the earth’s crust due to tectonic forces. 
Crustal deformation explains the origin of mountain ranges, rift valleys, and other large-
scale geological structures.   

By applying stress-strain principles, geologists can reconstruct past tectonic events and 
predict future geological activity. This knowledge is also used in resource exploration, as 
deformation often influences the distribution of minerals and hydrocarbons.   

 

Fill in the blank: The bending, breaking, and reshaping of the earth’s crust due to tectonic 
forces is called  deformation.   
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Plate 1.5 Crustal deformation illustrated by mountain building. 

 

1.5.3 Practical examples in geological mapping 

Stress-strain analysis is applied in geological mapping, where geologists record and 
interpret structures observed in the field. By recognising whether rocks have undergone 
brittle or ductile deformation, geologists can identify faults, folds, and fractures on maps.   
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This practice is crucial for engineering projects, hazard assessment, and exploration. For 
instance, mapping fault zones helps in earthquake risk evaluation, while identifying folds 
can guide petroleum exploration.   

 

Fill in the blank: Mapping fault zones is important for evaluating  risk.   

 

Applications of Stress-Strain Analysis in Geological Mapping 

1. Earthquake Risk Evaluation 

• Application: Mapping the "Stress Field" around active fault zones. 
• Significance: By calculating the accumulation of elastic strain in the crust, 

seismologists can identify "seismic gaps"—areas where stress has built up but has 
not yet been released by an earthquake. This is vital for urban planning and disaster 
preparedness. 

2. Petroleum & Geothermal Exploration 

• Application: Identifying structural traps and fracture networks. 
• Significance: Oil and gas often migrate until they are trapped by impermeable folded 

layers (anticlines) or sealed by faults. Additionally, stress analysis helps engineers 
understand "secondary porosity"—the tiny fractures that allow fluids to flow through 
otherwise solid rock. 
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3. Engineering Geology & Civil Infrastructure 

• Application: Assessing rock mass stability for tunnels, dams, and mines. 
• Significance: Before digging a tunnel or building a skyscraper, engineers must know 

the "in-situ stress." If the excavation removes too much supporting material, the 
remaining rock may undergo "rockbursts" (brittle failure) or slow "creep" (ductile 
deformation), threatening the structure's integrity. 

4. Mining and Mineral Exploration 

• Application: Predicting the location of ore veins. 
• Significance: Many valuable minerals (like gold or copper) are deposited by 

hydrothermal fluids that travel through fractures created by tectonic stress. Mapping 
these ancient "strain pathways" leads geologists to rich mineral deposits. 

 

Box 1.4 Applications of stress-strain analysis in geological mapping. 

 

Pilot questions 1.5 

1. What is the difference between a fault and a fold?   
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2. Which type of strain under compressional stress produces folds?   

3. Define crustal deformation in geological terms.   

4. Why is stress-strain analysis important in resource exploration?   

5. Give one practical application of stress-strain analysis in geological mapping.   

 

Series Summary 

This Series has introduced you to the fundamentals of rock dynamics and stress-strain 
relationships, which form the basis for understanding how rocks respond to forces within 
the earth’s crust. The purpose has been to equip you with the knowledge and skills needed 
to explain, analyse, and apply these concepts in structural geology, making them directly 
relevant to the study of faults, folds, and crustal deformation.   

We began by examining the dynamics of rocks, focusing on their properties and behaviour 
under varying conditions. Then we explored the concept of stress, its types, and how it is 
represented, followed by strain and its different forms. Subsequently, we studied stress-
strain relationships through curves, limits, and fracture points, and finally we considered 
practical applications in structural geology and geological mapping. By completing this 
Series, you should now be able to define rock dynamics, describe stress and strain, analyse 
stress-strain relationships, and apply these principles to evaluate geological structures, 
thereby achieving the Series Learning Outcomes. 

 

Glossary of Terms 

- Brittle strain: A type of strain where rocks break or fracture once stress exceeds their 
strength, common at shallow depths in the earth’s crust.   

 

- Compressional stress: A force that pushes rocks together, causing them to shorten and 
thicken, often leading to folds.   

 

- Crustal deformation: The bending, breaking, and reshaping of the earth’s crust due to 
tectonic forces, responsible for features such as mountains and rift valleys.   

 

- Elastic limit: The maximum stress a rock can withstand while still returning to its original 
shape once the stress is removed.   

 

- Elastic strain: A temporary change in the shape of rocks under stress, where they return to 
their original form once the stress is removed.   
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- Fault: A fracture in the earth’s crust along which movement has occurred, often linked to 
earthquakes.   

 

- Fold: A bend in rock layers caused by compressional forces, usually occurring at greater 
depths where rocks behave ductilely.   

 

- Fracture point: The stage at which a rock can no longer sustain stress and breaks.   

 

- Plastic strain: A permanent change in the shape of rocks under stress without fracturing, 
common at higher temperatures and pressures.   

 

- Porosity: The amount of void space within a rock, which influences how easily it deforms 
under stress.   

 

- Rock dynamics: The study of how rocks respond to forces within the earth’s crust, including 
their ability to deform, fracture, or remain stable.   

 

- Shear stress: A force that acts parallel but in opposite directions, causing rocks to slide 
past one another.   

 

- Stress: The force applied per unit area within a rock body, expressed as a vector with both 
magnitude and direction.   

 

- Stress-strain curve: A graph showing how a rock responds to increasing stress, highlighting 
elastic, plastic, and brittle behaviours.   

 

- Strain: The change in shape or size of a rock body as a result of applied stress.   

 

- Yield point: The stage on a stress-strain curve where rocks begin permanent deformation 
without fracturing. 

 

Concept Check Questions [Series 1] 

Objective Questions   

1. Stress is defined as force applied per unit  within a rock body. (Linked to SLO 2.2)   



 

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

2. Which type of strain allows rocks to return to their original shape once stress is removed? 
(Linked to SLO 2.3)   

3. The point at which a rock begins permanent deformation without fracturing is called 
the  point. (Linked to SLO 2.4)   

4. Which type of stress results in rocks being pulled apart, leading to stretching and 
thinning? (Linked to SLO 2.2)   

5. Mapping fault zones is important for evaluating  risk. (Linked to SLO 2.5)   

 

Short-Answer Questions   

6. Define rock dynamics and explain why it is important in structural geology. (Linked to SLO 
2.1)   

7. List two physical properties of rocks that influence their deformation. (Linked to SLO 2.1)   

8. Describe the difference between compressional stress and shear stress. (Linked to SLO 
2.2)   

9. Explain how temperature and pressure influence strain behaviour in rocks. (Linked to SLO 
2.3)   

10. What is the geological significance of stress-strain curves? (Linked to SLO 2.4)   

 

Long-Answer Questions   

11. Analyse the relationship between stress and strain, using examples to show how 
different conditions lead to elastic, plastic, or brittle behaviour. (Linked to SLO 2.3 and SLO 
2.4)   

12. Evaluate the role of stress-strain analysis in understanding crustal deformation and its 
applications in geological mapping. (Linked to SLO 2.5)   

 

Answers to Concept Check Questions [Series 1] 

Objective Questions   

1. Area   

2. Elastic strain   

3. Yield point   

4. Tensional stress   

5. Earthquake   
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Short-Answer Questions   

6. Rock dynamics is the study of how rocks respond to forces within the earth’s crust. It is 
important because it explains the formation of structures such as folds, faults, and 
fractures.   

7. Mineral composition and porosity (other acceptable answers: texture, density).   

8. Compressional stress pushes rocks together, causing shortening and thickening, while 
shear stress involves forces acting parallel but in opposite directions, causing rocks to slide 
past one another.   

9. Higher temperature and pressure make rocks more ductile, leading to plastic 
deformation, while lower temperature and pressure favour brittle fracture.   

10. Stress-strain curves show how rocks respond to increasing stress, highlighting elastic, 
plastic, and fracture behaviour, which helps geologists predict structural formations and 
hazards.   

 

Long-Answer Questions   

11.   

- Basic response: Stress is the force applied per unit area, while strain is the resulting change 
in shape or size of rocks. Under low stress, rocks may deform elastically and return to their 
original shape. Beyond the elastic limit, they deform plastically, and at higher stress levels, 
they fracture in a brittle manner.   

- Value-added response: Stress-strain relationships vary with environmental conditions. For 
example, shallow crustal rocks under tensional stress often fracture, forming faults, while 
deeper rocks under compressional stress deform plastically, forming folds. Laboratory 
stress-strain curves provide insights into these behaviours, linking them to tectonic 
processes and earthquake mechanics.   

 

12.   

- Basic response: Stress-strain analysis helps explain crustal deformation, including the 
formation of mountains, rift valleys, faults, and folds. It is applied in geological mapping to 
identify structures and assess hazards.   

- Value-added response: Beyond basic mapping, stress-strain analysis is crucial in 
engineering geology, petroleum exploration, and earthquake risk assessment. For instance, 
identifying ductile zones can guide resource exploration, while mapping brittle fault zones 
informs seismic hazard planning. This makes stress-strain analysis a vital tool for both 
academic geology and practical applications in society.   
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Answers to Pilot Questions [Series 1] 

Part 1.1 Dynamics of Rocks   

1. Rock dynamics   

2. Mineral composition and texture (other acceptable answers: porosity, density)   

3. Brittle manner   

4. Porosity   

5. Presence of fluids   

 

Part 1.2 Stress in Rocks   

1. Force applied per unit area within a rock body   

2. Compressional, tensional, and shear stress   

3. Compressional stress   

4. Stress tensors   

5. Arrows or diagrams   

 

Part 1.3 Strain in Rocks   

1. Change in shape or size of a rock body due to applied stress   

2. Elastic strain, plastic strain, brittle strain   

3. Elastic strain   

4. Higher temperature makes rocks more ductile, while lower temperature favours brittle 
fracture   

5. Ductile deformation   

 

Part 1.4 Stress-Strain Relationships   

1. How a rock responds to increasing stress   

2. Maximum stress a rock can withstand while still returning to its original shape   

3. Yield point   

4. Fracture point   

5. Energy   
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Part 1.5 Applications in Structural Geology   

1. A fault is a fracture with movement, while a fold is a bend in rock layers   

2. Plastic strain   

3. Crustal deformation   

4. It helps reconstruct tectonic events and guides resource exploration   

5. Earthquake risk evaluation   

 

References and Attributions [Series 1] 

This section compiles all references and illustration attributions used or suggested in Series 
1: Fundamentals of Rock Dynamics and Stress-Strain Relationships. The referencing style 
applied here follows APA guidelines for clarity and consistency.   

 

General References   

- Davis, G. H., Reynolds, S. J., & Kluth, C. F. (2011). Structural Geology of Rocks and Regions 
(3rd ed.). Wiley.   

- Fossen, H. (2016). Structural Geology. Cambridge University Press.   

- Open Educational Resources (OER) Commons. (n.d.). Geology resources. Retrieved from 
https://www.oercommons.org   

- US Geological Survey (USGS). (n.d.). Geology and tectonics resources. Retrieved from 
https://www.usgs.gov   

 

Illustration Attributions   

- Figure 1.1 Behaviour of rocks under stress   

  AI-generated prompt: “Generate a simple geological diagram showing rock layers with 
arrows indicating compressional and tensional forces.”   

  Suggested OER source: “OER geology diagram rock stress behaviour.”   

 

- Table 1.1 Selected physical properties of rocks and their influence on deformation   

  AI-generated prompt: “Create a table showing physical properties of rocks (composition, 
texture, porosity, density) and their influence on deformation.”   

  Suggested OER source: “OER geology rock properties table.”   
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- Plate 1.1 Comparison of brittle and ductile behaviour of rocks   

  AI-generated prompt: “Generate an educational illustration comparing brittle fracture of 
rocks at shallow depth with ductile folding at deeper levels.”   

  Suggested OER source: “OER geology brittle vs ductile rock behaviour image.”   

 

- Figure 1.2 Representation of stress acting on a rock body   

  AI-generated prompt: “Generate a simple diagram of a rock block with arrows showing 
compressional, tensional, and shear stress.”   

  Suggested OER source: “OER geology stress diagram rock block.”   

 

- Plate 1.2 Types of stress in rocks   

  AI-generated prompt: “Generate an educational illustration showing three rock blocks 
under compressional, tensional, and shear stress.”   

  Suggested OER source: “OER geology compressional tensional shear stress image.”   

 

- Box 1.1 Selected methods of representing stress in geology   

  AI-generated prompt: “Create a box listing methods of representing stress in geology: 
stress tensors, Mohr’s circle, stress diagrams.”   

  Suggested OER source: “OER geology stress representation Mohr’s circle.”   

 

- Figure 1.3 Representation of strain in rocks   

  AI-generated prompt: “Generate a simple diagram showing a rock block before and after 
deformation due to stress.”   

  Suggested OER source: “OER geology strain diagram rock deformation.”   

 

- Plate 1.3 Types of strain in rocks   

  AI-generated prompt: “Generate an educational illustration comparing elastic, plastic, and 
brittle strain in rocks.”   

  Suggested OER source: “OER geology elastic plastic brittle strain image.”   

 

- Box 1.2 Factors controlling strain behaviour in rocks   

  AI-generated prompt: “Create a box listing factors controlling strain behaviour in rocks: 
temperature, pressure, composition, time.”   
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  Suggested OER source: “OER geology strain behaviour factors.”   

 

- Figure 1.4 Stress-strain curve illustrating rock behaviour   

  AI-generated prompt: “Generate a stress-strain curve diagram showing elastic, plastic, and 
fracture regions for rocks.”   

  Suggested OER source: “OER geology stress-strain curve diagram.”   

 

- Box 1.3 Key points on a stress-strain curve   

  AI-generated prompt: “Create a box listing elastic limit, yield point, and fracture point with 
definitions.”   

  Suggested OER source: “OER geology stress-strain curve key points.”   

 

- Plate 1.4 Geological implications of stress-strain behaviour   

  AI-generated prompt: “Generate an educational illustration showing folds, faults, and 
fractures as outcomes of stress-strain behaviour.”   

  Suggested OER source: “OER geology folds faults fractures stress-strain.”   

 

- Figure 1.5 Faults and folds explained through stress-strain analysis   

  AI-generated prompt: “Generate a diagram showing a fault and a fold side by side, with 
arrows indicating stress directions.”   

  Suggested OER source: “OER geology faults folds diagram stress-strain.”   

 

- Plate 1.5 Crustal deformation illustrated by mountain building   

  AI-generated prompt: “Generate an educational illustration showing mountain ranges 
formed by crustal deformation.”   

  Suggested OER source: “OER geology crustal deformation mountain ranges image.”   

 

- Box 1.4 Applications of stress-strain analysis in geological mapping   

  AI-generated prompt: “Create a box listing applications of stress-strain analysis in 
geological mapping: earthquake risk evaluation, petroleum exploration, engineering 
geology.”   

  Suggested OER source: “OER geology stress-strain applications mapping.”   
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Course code: GEY 313 

Course title: Structural Geology  

Units: 3 Units 

List of series  

Series 1: Fundamentals of Rock Dynamics and Stress-Strain Relationships   

Series 2: Faults, Folds, Shears, and Ring Dykes   

Series 3: Introduction to Crustal Tectonics and Deformational Structures   

Series 4: Geological Map Study, Problems, and Interpretation   

Series 5: Stereographic Projection and Structural Mapping Practice   

 

2.1 Faults   

- 2.1.1 Definition and classification of faults   

- 2.1.2 Types of faults: normal, reverse, thrust, strike-slip   

- 2.1.3 Geological significance of faults   

- 2.1.4 Recognition of faults in the field and on maps   

 

2.2 Folds   

- 2.2.1 Definition and classification of folds   

- 2.2.2 Types of folds: anticlines, synclines, domes, basins   

- 2.2.3 Mechanics of folding and controlling factors   

- 2.2.4 Recognition of folds in the field and on maps   

 

2.3 Shear Zones   

- 2.3.1 Definition and characteristics of shear zones   

- 2.3.2 Types of shear zones: brittle, ductile   

- 2.3.3 Geological significance of shear zones   

- 2.3.4 Examples of shear zones in crustal deformation   
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2.4 Ring Dykes   

- 2.4.1 Definition and formation of ring dykes   

- 2.4.2 Geological settings and examples   

- 2.4.3 Significance of ring dykes in structural geology   

 

2.5 Applications in Structural Interpretation   

- 2.5.1 Integration of faults, folds, shear zones, and ring dykes in geological mapping   

- 2.5.2 Importance in resource exploration and hazard assessment   

- 2.5.3 Case studies of structural features in regional geology   

 

Introduction 

In the last Series, we explored the fundamentals of rock dynamics and stress-strain 
relationships, laying the groundwork for understanding how rocks respond to forces within 
the earth’s crust. Building on that foundation, this Series focuses on the structural features 
that arise from those processes. Faults, folds, shear zones, and ring dykes are some of the 
most significant geological structures, and they provide vital clues about the history and 
behavior of the earth’s crust. Recognizing and interpreting these features is essential for 
geologists working in mapping, resource exploration, and hazard assessment.   

The aim of this Series is to introduce you to the definitions, classifications, and mechanics 
of faults, folds, shear zones, and ring dykes, and to equip you with the skills needed to 
identify, analyze, and apply these concepts in structural interpretation.   

We shall commence this Series by examining faults, their types, and their geological 
significance. Next, we will move on to folds, considering their classifications, mechanics, 
and recognition in the field. Following that, we will explore shear zones, focusing on their 
characteristics and role in crustal deformation. Afterwards, we will study ring dykes, their 
formation, settings, and importance. Finally, we will wrap up by discussing how these 
structures are integrated in geological mapping, resource exploration, and hazard 
assessment, bringing the Series to a close with practical applications. 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to:   

- SLO 2.1 define faults and classify their main types,   



 

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

- SLO 2.2 explain the geological significance of faults and demonstrate how to recognise 
them in the field and on maps,   

- SLO 2.3 define folds and distinguish between their principal types,   

- SLO 2.4 analyse the mechanics of folding and identify controlling factors,   

- SLO 2.5 describe shear zones and differentiate between brittle and ductile varieties,   

- SLO 2.6 evaluate the role of shear zones in crustal deformation,   

- SLO 2.7 define ring dykes and explain their formation and geological settings, and   

- SLO 2.8 apply knowledge of faults, folds, shear zones, and ring dykes to structural 
interpretation, geological mapping, and resource exploration.   

 

2.1 Faults 

2.1.1 Definition and classification of faults 

A fault is defined as a fracture or zone of weakness in the earth’s crust along which 
movement has occurred. Faults are important structural features because they record the 
displacement of rock masses and often control the distribution of geological resources. 
They are classified based on the type of movement and the forces responsible for their 
formation.   

The main classifications include normal faults (caused by tensional stress), reverse faults 
(caused by compressional stress), thrust faults (a low-angle reverse fault), and strike-slip 
faults (caused by shear stress). Each type reflects a different stress regime within the crust.   

 

Fill in the blank: A fracture in the earth’s crust along which movement has occurred is called 
a .   
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 Figure 2.1 Basic representation of a fault. 

 

2.1.2 Types of faults: normal, reverse, thrust, strike-slip 

Normal faults occur when rocks are pulled apart under tensional stress, causing the hanging 
wall to move downward relative to the footwall.   

Reverse faults form under compressional stress, with the hanging wall moving upward 
relative to the footwall.   

Thrust faults are a special type of reverse fault with a low-angle plane, often associated with 
mountain building.   

Strike-slip faults involve horizontal movement along the fault plane, caused by shear stress, 
with little vertical displacement.   

These types of faults are key indicators of tectonic regimes and help geologists reconstruct 
past geological events.   

 

Fill in the blank: When the hanging wall moves downward relative to the footwall under 
tensional stress, the structure formed is 
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a  fault.  

 

 

 Plate 2.1 Types of faults in rocks. 

 

2.1.3 Geological significance of faults 

Faults are significant because they influence the landscape, control the movement of 
groundwater, and affect the distribution of mineral and hydrocarbon deposits. They also 
play a central role in earthquake activity, as stress accumulated along fault planes is 
released suddenly during seismic events.   

In structural geology, faults are used to interpret tectonic settings and reconstruct the 
geological history of an area. For example, thrust faults are often associated with mountain 
belts, while strike-slip faults mark major plate boundaries.   

 

Fill in the blank: Sudden release of stress along fault planes is responsible for _____ activity.   
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The Geological Significance of Faults 

1. Landscape Formation & Topography 

• Significance: Faults are the primary architects of mountain ranges and valleys. 
• Mechanism: Movement along faults creates significant vertical relief. Normal faults 

produce "Horst and Graben" landscapes (basins and ranges), while thrust faults 
stack rock layers to build high mountain peaks like the Himalayas. 

2. Groundwater Control & Hydrogeology 

• Significance: Faults act as either "conduits" (pipes) or "barriers" (dams) for 
underground water. 

• Mechanism: A fault zone filled with crushed rock (breccia) can be highly permeable, 
allowing water to flow deep into the crust. Conversely, if a fault produces fine-grained 
"fault gouge," it can block water flow, creating natural underground reservoirs or 
springs. 

3. Resource Distribution (Ore & Petroleum) 

• Significance: Faults are critical for the localization of economic minerals and fossil 
fuels. 

• Mechanism: Many metal ores (gold, copper, silver) are deposited by hot fluids 
traveling up fault planes. In the petroleum industry, faults can act as "seals" that trap 
oil and gas in specific rock layers, preventing them from escaping to the surface. 

4. Earthquake Activity & Seismic Hazard 

• Significance: Faults are the primary source of seismic energy release. 
• Mechanism: Sudden "slip" along a fault—where elastic strain energy has built up—

results in an earthquake. Mapping fault locations and historical slip rates is the only 
way to perform accurate seismic risk assessments for cities and infrastructure. 

 Box 2.1 Geological significance of faults. 

 

2.1.4 Recognition of faults in the field and on maps 

Faults can be recognised in the field by features such as displaced rock layers, fault scarps, 
slickensides (polished fault surfaces), and zones of crushed rock called fault breccia. On 
geological maps, faults are represented by lines that show displacement of rock units.   

Geologists use field observations, aerial photographs, and geophysical data to identify and 
interpret faults. Recognising faults is essential for geological mapping, hazard assessment, 
and engineering projects.   
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Fill in the blank: Polished fault surfaces that indicate movement along a fault are called .   

 

 

 
Figure 2.2 Recognition of faults on geological maps. 

 

Pilot questions 2.1 

1. What is the definition of a fault in geology?   

2. Name the four main types of faults.   
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3. Which type of fault is associated with tensional stress?   

4. Why are faults significant in structural geology?   

5. What features can be used to recognise faults in the field?   

 

2.2 Folds 

2.2.1 Definition and classification of folds 

A fold is defined as a bend or curve in rock layers resulting from compressional forces within 
the earth’s crust. Folds occur when rocks deform plastically rather than fracturing, and they 
are among the most common structural features observed in geology.   

Folds are classified based on their geometry and orientation. The main types include 
anticlines (upward-arching folds), synclines (downward-curving folds), domes (circular 
upward structures), and basins (circular downward structures). Each type provides 
important information about the stress regime and tectonic history of the region.   

 

Fill in the blank: A bend or curve in rock layers caused by compressional forces is called a 
______.   
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 Figure 2.3 Basic fold structures. 

 

2.2.2 Types of folds: anticlines, synclines, domes, basins 

Anticlines are folds with layers arching upwards, with the oldest rocks at the core.   

Synclines are folds with layers curving downwards, with the youngest rocks at the centre.   

Domes are circular folds that arch upwards in all directions, resembling an inverted bowl.   

Basins are circular folds that dip downwards, resembling a bowl-shaped depression.   

These fold types are essential in geological mapping, as they help geologists interpret 
subsurface structures and predict the distribution of resources such as oil and gas.   

 

Fill in the blank: In an anticline, the ______ rocks are found at the core of the fold.   
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Plate 2.2 Types of folds in rocks. 

 

2.2.3 Mechanics of folding and controlling factors 

The mechanics of folding describe how rocks bend under stress. Folding occurs when 
compressional forces act over long periods, allowing rocks to deform plastically. The style 
of folding depends on several controlling factors:   

- Rock type: Ductile rocks such as shale and limestone fold more easily than brittle rocks.   

- Temperature and pressure: Higher temperature and pressure conditions favour ductile 
behaviour.   

- Rate of stress application: Slow, continuous stress promotes folding, while rapid stress 
may cause fracturing.   

- Depth of burial: Rocks buried deep in the crust are more likely to fold due to increased 
pressure and temperature.   

 

Fill in the blank: Slow, continuous stress promotes folding, while rapid stress may cause 
_______.   
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Factors Controlling Folding in Rocks 

1. Rock Type & Mineralogy 

• Description: Some rocks are naturally "softer" or more ductile than others. 
• Mechanism: Rocks rich in minerals like mica, calcite, and gypsum flow easily under 

stress. In contrast, "stiff" rocks like quartzite or massive granite are more likely to 
fracture unless the temperature is extremely high. 

2. Temperature and Pressure 

• Description: High heat and intense confining pressure are the "softeners" of the 
lithosphere. 

• Mechanism: As temperature increases, the chemical bonds within minerals 
become easier to break and reform. High pressure prevents the rock from cracking, 
forcing it to change shape by bending. 

3. Rate of Stress Application (Strain Rate) 

• Description: This refers to how quickly the tectonic force is applied. 
• Mechanism: If you push a rock slowly (over millions of years), the atoms have time 

to migrate, allowing for ductile folding. If the same force is applied instantly (like a 
hammer blow), the rock will shatter. 

4. Depth of Burial 

• Description: The vertical position of the rock within the Earth's crust. 
• Mechanism: This is essentially a combination of factors 2 and 3. The deeper a rock 

is buried, the hotter and more pressurized it becomes. Most folding occurs in the 
"ductile zone," typically found deeper than 10–15 km. 

Box 2.2 Factors controlling folding in rocks. 

2.2.4 Recognition of folds in the field and on maps 

Folds can be recognised in the field by curved or bent rock layers, repetition of strata, and 
characteristic patterns such as dome-shaped or basin-shaped structures. On geological 
maps, folds are identified by the arrangement of rock units, with anticlines showing older 
rocks at the centre and synclines showing younger rocks at the centre.   

Geologists use field observations, aerial photographs, and geophysical surveys to identify 
folds. Recognising folds is crucial for resource exploration, as anticlines often form traps for 
hydrocarbons.   
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Fill in the blank: On geological maps, anticlines are recognised by having ____ rocks at the 
centre.   

 

 
 Figure 2.4 Recognition of folds on geological maps. 

 

Pilot questions 2.2 

1. What is the definition of a fold in geology?   

2. Name the four main types of folds.   

3. Which type of fold has the oldest rocks at the core?   

4. List two factors that control the mechanics of folding.   

5. How can folds be recognised on geological maps?   

 

2.3 Shear Zones 

2.3.1 Definition and characteristics of shear zones 
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A shear zone is a region of intense deformation within the earth’s crust where rocks have 
been displaced along a zone of weakness due to differential stress. Unlike faults, which 
typically involve brittle fracture, shear zones often show ductile deformation, meaning the 
rocks bend and flow rather than break.   

Shear zones are characterised by features such as foliations, lineations, and elongated 
minerals that indicate the direction of movement. They can range in size from microscopic 
structures to zones several kilometres wide.   

 

Fill in the blank: A region of intense deformation in the crust where rocks bend and flow 
rather than break is called a  zone.   
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 Figure 2.5 Basic representation of a shear zone. 

 

2.3.2 Types of shear zones: brittle, ductile 

Shear zones are broadly classified into two types:   

- Brittle shear zones: These occur at shallow crustal levels where rocks fracture and grind 
against each other. They are often associated with fault breccia and cataclasites.   
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- Ductile shear zones: These occur at deeper crustal levels under high temperature and 
pressure, where rocks deform plastically. They are characterised by foliations, mylonites, 
and recrystallised minerals.   

The distinction between brittle and ductile shear zones reflects the depth and conditions 
under which deformation occurs.   

 

Fill in the blank: Shear zones that occur at deeper crustal levels under high temperature and 
pressure are called  shear zones.   
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 Plate 2.3 Types of shear zones. 

 

2.3.3 Geological significance of shear zones 

Shear zones are significant because they accommodate large-scale crustal movements and 
play a key role in plate tectonics. They often mark boundaries between tectonic blocks and 
can act as conduits for fluids, influencing mineralisation and metamorphism.   

In addition, shear zones provide evidence of past tectonic events and help geologists 
reconstruct the deformation history of a region. They are also important in engineering 
geology, as zones of weakness can affect stability and construction projects.   

 

Fill in the blank: Shear zones often act as conduits for ______, influencing mineralisation and 
metamorphism.   

 

The Geological Significance of Shear Zones 

1. Indicators of Crustal Movement 

• Significance: Shear zones act as the primary record of how tectonic plates have 
shifted over millions of years. 

• Mechanism: By studying the orientation of minerals and the "fabric" (lineation and 
foliation) within a shear zone, geologists can determine the direction and magnitude 
of ancient crustal displacement. 

2. Markers of Major Tectonic Boundaries 

• Significance: They often define the borders between different tectonic terranes or 
plates. 

• Mechanism: Massive shear zones, sometimes kilometers wide, accommodate the 
movement between colliding or sliding continents. They are the deep-seated roots of 
the transform and thrust faults we see at the surface. 

3. Deep-Seated Fluid Pathways 

• Significance: Shear zones are the "plumbing systems" of the deep crust. 
• Mechanism: Even though the rocks are flowing, the intense deformation creates 

pathways for hydrothermal fluids and magmas to migrate upward from the mantle or 
lower crust toward the surface. 

4. Sites of Intense Mineralization 

• Significance: Many of the world’s largest gold and copper deposits are found within 
shear zones. 
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• Mechanism: As mineral-rich fluids travel through these zones, changes in pressure 
and chemistry cause metals to precipitate. These are known as Orogenic Gold 
Deposits, often found in the "splays" or secondary fractures of a major shear system. 

 Box 2.3 Geological significance of shear zones. 

 

2.3.4 Examples of shear zones in crustal deformation 

Examples of shear zones can be found worldwide. The San Andreas Fault Zone in California, 
though largely brittle, shows ductile features at depth. The Alpine Fault Zone in New Zealand 
and the Ductile Shear Zones of the Canadian Shield are classic examples of large-scale 
crustal deformation.   

These examples demonstrate how shear zones vary in scale and behaviour, but all highlight 
the importance of shear zones in shaping the earth’s crust.   

 

Fill in the blank: The San Andreas Fault Zone in California is an example of a largely  shear 
zone with ductile features at depth.   



 

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

 

 

 
 Figure 2.6 Examples of shear zones in crustal deformation. 

 

Pilot questions 2.3 

1. What is the definition of a shear zone in geology?   

2. Name the two main types of shear zones.   

3. Which type of shear zone occurs at deeper crustal levels under high temperature and 
pressure?   

4. Why are shear zones significant in structural geology?   

5. Give one example of a major shear zone in the world.   
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2.4 Ring Dykes 

2.4.1 Definition and formation of ring dykes 

A ring dyke is a circular or arcuate intrusive igneous body that forms when magma rises 
through concentric fractures in the crust. These structures are typically associated with 
volcanic centres and large igneous provinces. Ring dykes are important because they 
provide evidence of magmatic activity and crustal extension.   

Formation occurs when magma exploits ring-shaped fractures, often created by the 
collapse of a volcanic caldera or by doming of the crust. The magma solidifies in these 
fractures, producing a ring-shaped intrusion that can be observed at the surface after 
erosion.   

 

Fill in the blank: A circular intrusive igneous body formed when magma rises through 
concentric fractures is called a .   
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 Figure 2.7 Formation of a ring dyke. 

 

2.4.2 Geological settings and examples 

Ring dykes are commonly found in regions of intense magmatic activity. They are often 
associated with calderas, which are large volcanic depressions formed by collapse after an 
eruption. Famous examples include the Ogun Ring Complex in Nigeria, the Slieve Gullion 
Ring Dyke in Northern Ireland, and the Loch Bà Ring Dyke in Scotland.   
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These examples highlight the global distribution of ring dykes and their importance in 
understanding volcanic and tectonic processes.   

 

Fill in the blank: The Slieve Gullion Ring Dyke is located in _____ Ireland.   

 

 
Plate 2.4 Examples of ring dykes in different geological settings. 

 

2.4.3 Significance of ring dykes in structural geology 

Ring dykes are significant because they record episodes of crustal extension and magmatic 
intrusion. They also provide insights into the evolution of volcanic centres and the structural 
controls on magma emplacement.   
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In addition, ring dykes can host valuable mineral deposits, including rare metals associated 
with alkaline igneous complexes. Their study is therefore important not only for academic 
geology but also for resource exploration.   

 

Fill in the blank: Ring dykes can host valuable mineral deposits, including ____ metals 
associated with alkaline igneous complexes.   

 

The Geological Significance of Ring Dykes 

1. Indicators of Crustal Extension & Subsidence 

• Significance: Ring dykes are the structural "scars" of cauldron collapse. 
• Mechanism: They typically form during periods of crustal extension or relaxation. 

When the internal pressure of a magma chamber drops, the overlying "lid" of rock 
sinks (subsides) under its own weight, creating the circular fractures that ring dykes 
occupy. 

2. Records of Volcanic Evolution 

• Significance: They represent the final, mature stages of a volcanic center’s life. 
• Mechanism: Because ring dykes are often associated with large-scale caldera 

collapses, they help geologists reconstruct the history of explosive eruptions and the 
subsequent structural failure of the volcanic edifice. 

3. Insights into Magma Emplacement 

• Significance: They demonstrate how magma can move vertically through the crust 
without requiring large-scale melting of the host rock. 

• Mechanism: Ring dykes illustrate "stoping" and "cauldron subsidence," where 
magma fills the space created by moving blocks of crust rather than pushing the rock 
aside. This provides data on the viscosity and pressure of ancient magmatic systems. 

4. Localization of Mineral Deposits 

• Significance: Ring complexes are often primary targets for mining and mineral 
exploration. 

• Mechanism: The fractured zones around ring dykes act as conduits for hydrothermal 
fluids. These fluids often deposit rare metals—such as tin, niobium, tungsten, and 
rare earth elements (REEs)—particularly in the Younger Granite provinces of places 
like Nigeria and Sudan. 

Box 2.4 Significance of ring dykes in structural geology. 
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Pilot questions 2.4 

1. What is the definition of a ring dyke?   

2. How are ring dykes formed?   

3. Name two examples of ring dykes and their locations.   

4. Why are ring dykes significant in structural geology?   

5. What type of mineral deposits can be associated with ring dykes?   

 

2.5 Applications in Structural Interpretation 

2.5.1 Integration of faults, folds, shear zones, and ring dykes in geological mapping 

Geological mapping involves recording and interpreting structures observed in the field. By 
integrating knowledge of faults, folds, shear zones, and ring dykes, geologists can build a 
comprehensive picture of crustal deformation. Faults reveal zones of displacement, folds 
indicate compressional regimes, shear zones highlight ductile deformation, and ring dykes 
mark magmatic intrusions. Together, these features allow geologists to reconstruct tectonic 
histories and predict subsurface structures.   

 

Fill in the blank: Geological mapping integrates faults, folds, shear zones, and ring dykes to 
reconstruct  histories.   
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Figure 2.8 Integration of structural features in geological mapping. 

 

2.5.2 Importance in resource exploration and hazard assessment 

Structural interpretation is vital in resource exploration. Anticlines often form traps for 
hydrocarbons, faults can act as conduits or barriers for fluid migration, shear zones may 
host mineralisation, and ring dykes can contain rare metal deposits. Understanding these 
structures helps geologists locate and evaluate resources more effectively.   
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In hazard assessment, faults are critical for evaluating earthquake risk, folds may influence 
slope stability, and shear zones can affect engineering projects. Ring dykes also provide 
insights into past volcanic activity, which is important for assessing volcanic hazards.   

 

Fill in the blank: Anticlines are important in resource exploration because they often form 
traps for ______.   

 

 

 
 Box 2.5 Applications of structural interpretation. 

 

2.5.3 Case studies of structural features in regional geology 

Case studies provide practical examples of how structural interpretation is applied. For 
instance, the Niger Delta Basin in Nigeria demonstrates the importance of faults and folds 
in hydrocarbon exploration. The San Andreas Fault Zone in California highlights fault-related 
hazards, while the Loch Bà Ring Dyke in Scotland illustrates magmatic intrusion and its 
geological significance.   

These case studies show how integrating structural features enhances geological 
understanding and supports both academic research and practical applications.   

 

Fill in the blank: The Niger Delta Basin in Nigeria demonstrates the importance of faults and 
folds in ______ exploration.   
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 Plate 2.5 Case studies of structural features in regional geology. 

 

Pilot questions 2.5 

1. Why is it important to integrate faults, folds, shear zones, and ring dykes in geological 
mapping?   

2. How do anticlines contribute to hydrocarbon exploration?   

3. Which structural feature is most critical for evaluating earthquake risk?   

4. Give one example of how shear zones can affect engineering projects.   

5. Name one regional case study where ring dykes are significant.   

 

Series Summary 
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This Series has focused on the major structural features of the earth’s crust, namely faults, 
folds, shear zones, and ring dykes. Its purpose has been to build on the foundation of stress-
strain relationships introduced earlier, showing how these forces manifest in recognisable 
geological structures. These features are not only central to understanding crustal 
deformation but also highly relevant to geological mapping, resource exploration, and 
hazard assessment.   

We began by examining faults, their types, and their geological significance, before moving 
on to folds and the mechanics that control their formation. Subsequently, we explored shear 
zones, distinguishing between brittle and ductile varieties and considering their role in 
crustal movement. Afterwards, we studied ring dykes, their formation, settings, and 
importance. Finally, we concluded with applications in structural interpretation, integrating 
all these features in practical geological mapping and case studies. By completing this 
Series, you should now be able to define, classify, and explain these structures, analyse 
their mechanics, evaluate their significance, and apply this knowledge to real-world 
geological interpretation, thereby achieving the Series Learning Outcomes. 

 

Glossary of Terms 

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

 

- Basin: A circular fold in which rock layers dip downwards, with the youngest rocks at the 
centre.   

 

- Brittle shear zone: A type of shear zone formed at shallow crustal levels where rocks 
fracture and grind against each other.   

 

- Domes: Circular folds that arch upwards in all directions, resembling an inverted bowl.   

 

- Ductile shear zone: A type of shear zone formed at deeper crustal levels under high 
temperature and pressure, where rocks bend and flow without fracturing.   

 

- Fault: A fracture in the earth’s crust along which movement has occurred, often associated 
with earthquakes and displacement of rock layers.   

 

- Fold: A bend or curve in rock layers caused by compressional forces, resulting in structures 
such as anticlines and synclines.   

 

- Hanging wall: The block of rock that lies above a fault plane.   

 



 

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

- Ring dyke: A circular or arcuate igneous intrusion formed when magma rises through 
concentric fractures, often linked to volcanic centres.   

 

- Shear zone: A region of intense deformation in the crust where rocks are displaced along a 
zone of weakness, often showing ductile behaviour.   

 

- Strike-slip fault: A fault where movement is mainly horizontal, caused by shear stress, with 
little vertical displacement.   

 

- Syncline: A downward-curving fold in rock layers, with the youngest rocks found at the 
centre.   

 

- Thrust fault: A low-angle reverse fault formed under compressional stress, commonly 
associated with mountain building.   

 

- Footwall: The block of rock that lies below a fault plane.   

 

Concept Check Questions [Series 2] 

Objective Questions   

1. A fracture in the earth’s crust along which movement has occurred is called a . (Linked to 
SLO 2.1)   

2. Which type of fault occurs when the hanging wall moves downward relative to the footwall 
under tensional stress? (Linked to SLO 2.1)   

3. In an anticline, the  rocks are found at the core of the fold. (Linked to SLO 2.3)   

4. Shear zones that occur at deeper crustal levels under high temperature and pressure are 
called  shear zones. (Linked to SLO 2.5)   

5. A circular intrusive igneous body formed when magma rises through concentric fractures 
is called a . (Linked to SLO 2.7)   

 

Short-Answer Questions   

6. Define a fault and explain its geological significance. (Linked to SLO 2.1 and SLO 2.2)   

7. List the four main types of folds and briefly describe each. (Linked to SLO 2.3)   

8. Identify two factors that control the mechanics of folding. (Linked to SLO 2.4)   

9. Differentiate between brittle and ductile shear zones. (Linked to SLO 2.5)   
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10. Give two examples of ring dykes and their locations. (Linked to SLO 2.7)   

 

Long-Answer Questions   

11. Analyse the role of faults, folds, shear zones, and ring dykes in reconstructing tectonic 
histories. (Linked to SLO 2.8)   

12. Evaluate the importance of structural interpretation in resource exploration and hazard 
assessment, using examples. (Linked to SLO 2.8)   

 

Answers to Concept Check Questions [Series 2] 

Objective Questions   

1. Fault   

2. Normal fault   

3. Oldest   

4. Ductile   

5. Ring dyke   

 

Short-Answer Questions   

6. A fault is a fracture in the earth’s crust along which movement has occurred. Its geological 
significance lies in controlling landscape formation, groundwater movement, resource 
distribution, and earthquake activity.   

7. Anticline (upward arch, oldest rocks at core), Syncline (downward curve, youngest rocks 
at centre), Dome (circular upward fold), Basin (circular downward fold).   

8. Rock type and rate of stress application (other acceptable answers: temperature and 
pressure, depth of burial).   

9. Brittle shear zones occur at shallow crustal levels with fracturing and grinding, while 
ductile shear zones occur at deeper levels under high temperature and pressure, with rocks 
bending and flowing.   

10. Slieve Gullion Ring Dyke in Northern Ireland and Loch Bà Ring Dyke in Scotland (other 
acceptable answer: Ogun Ring Complex in Nigeria).   

 

Long-Answer Questions   

11.   

- Basic response: Faults, folds, shear zones, and ring dykes are key structures that record 
crustal deformation. Faults show displacement, folds indicate compressional regimes, 
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shear zones highlight ductile deformation, and ring dykes mark magmatic intrusion. 
Together, they help geologists reconstruct tectonic histories.   

- Value-added response: Beyond basic reconstruction, these structures provide insights 
into plate tectonics, resource distribution, and crustal evolution. For example, thrust faults 
are linked to mountain building, anticlines form hydrocarbon traps, shear zones mark 
tectonic boundaries, and ring dykes record volcanic collapse. Integrating these features 
allows geologists to develop comprehensive models of crustal processes.   

 

12.   

- Basic response: Structural interpretation is important in resource exploration because 
anticlines trap hydrocarbons, shear zones host mineralisation, and ring dykes contain rare 
metals. It is also vital in hazard assessment, as faults are linked to earthquakes and folds 
influence slope stability.   

- Value-added response: In practice, structural interpretation underpins petroleum geology, 
mining, and engineering projects. For instance, the Niger Delta Basin demonstrates the role 
of faults and folds in hydrocarbon exploration, while the San Andreas Fault highlights 
earthquake hazards. Ring dykes such as those in Scotland provide insights into volcanic 
hazards. These applications show the broad relevance of structural interpretation to both 
science and society.   

 

Answers to Pilot Questions [Series 2] 

Part 2.1 Faults   

1. A fault is a fracture in the earth’s crust along which movement has occurred.   

2. Normal, reverse, thrust, and strike-slip faults.   

3. Normal fault.   

4. Faults are significant because they influence landscapes, control groundwater, affect 
resource distribution, and are linked to earthquake activity.   

5. Displaced rock layers, fault scarps, slickensides, and fault breccia.   

 

Part 2.2 Folds   

1. A fold is a bend or curve in rock layers caused by compressional forces.   

2. Anticline, syncline, dome, and basin.   

3. Anticline.   
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4. Rock type and rate of stress application (other acceptable answers: temperature and 
pressure, depth of burial).   

5. By the arrangement of rock units, with anticlines showing older rocks at the centre and 
synclines showing younger rocks at the centre.   

 

Part 2.3 Shear Zones   

1. A shear zone is a region of intense deformation in the crust where rocks are displaced 
along a zone of weakness.   

2. Brittle shear zones and ductile shear zones.   

3. Ductile shear zones.   

4. They accommodate crustal movement, mark tectonic boundaries, act as conduits for 
fluids, and influence mineralisation and metamorphism.   

5. San Andreas Fault Zone in California, Alpine Fault Zone in New Zealand, or ductile shear 
zones in the Canadian Shield.   

 

Part 2.4 Ring Dykes   

1. A ring dyke is a circular or arcuate igneous intrusion formed when magma rises through 
concentric fractures.   

2. They are formed when magma exploits ring-shaped fractures, often created by caldera 
collapse or crustal doming.   

3. Slieve Gullion Ring Dyke in Northern Ireland and Loch Bà Ring Dyke in Scotland (other 
acceptable answer: Ogun Ring Complex in Nigeria).   

4. They record crustal extension, magmatic intrusion, volcanic evolution, and can host 
mineral deposits.   

5. Rare metals associated with alkaline igneous complexes.   

 

Part 2.5 Applications in Structural Interpretation   

1. Because it allows geologists to reconstruct tectonic histories and predict subsurface 
structures.   

2. They trap hydrocarbons.   

3. Faults.   

4. Shear zones can reduce rock stability and affect construction projects.   

5. Loch Bà Ring Dyke in Scotland.   
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References and Attributions [Series 2] 

This section compiles all references and illustration attributions used or suggested in Series 
2: Faults, Folds, Shear Zones, and Ring Dykes. The referencing style applied here follows 
APA guidelines for clarity and consistency.   

 

General References   

- Davis, G. H., Reynolds, S. J., & Kluth, C. F. (2011). Structural Geology of Rocks and Regions 
(3rd ed.). Wiley.   

- Fossen, H. (2016). Structural Geology. Cambridge University Press.   

- Open Educational Resources (OER) Commons. (n.d.). Geology resources. Retrieved from 
https://www.oercommons.org   

- US Geological Survey (USGS). (n.d.). Geology and tectonics resources. Retrieved from 
https://www.usgs.gov   

 

Illustration Attributions   

- Figure 2.1 Basic representation of a fault   

  AI-generated prompt: “Generate a simple diagram showing rock layers displaced along a 
fault line.”   

  Suggested OER source: “OER geology fault diagram displacement.”   

 

- Plate 2.1 Types of faults in rocks   

  AI-generated prompt: “Generate an educational illustration showing normal, reverse, 
thrust, and strike-slip faults side by side.”   

  Suggested OER source: “OER geology types of faults image.”   

 

- Box 2.1 Geological significance of faults   

  AI-generated prompt: “Create a box listing the geological significance of faults: landscape 
formation, groundwater control, resource distribution, earthquake activity.”   

  Suggested OER source: “OER geology significance of faults.”   

 

- Figure 2.2 Recognition of faults on geological maps   
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  AI-generated prompt: “Generate a simple geological map diagram showing fault lines and 
displaced rock units.”   

  Suggested OER source: “OER geology fault recognition map diagram.”   

 

- Figure 2.3 Basic fold structures   

  AI-generated prompt: “Generate a simple diagram showing anticline and syncline folds in 
rock layers.”   

  Suggested OER source: “OER geology anticline syncline diagram.”   

 

- Plate 2.2 Types of folds in rocks   

  AI-generated prompt: “Generate an educational illustration showing anticline, syncline, 
dome, and basin folds side by side.”   

  Suggested OER source: “OER geology types of folds image.”   

 

- Box 2.2 Factors controlling folding in rocks   

  AI-generated prompt: “Create a box listing factors controlling folding in rocks: rock type, 
temperature and pressure, rate of stress application, depth of burial.”   

  Suggested OER source: “OER geology folding controlling factors.”   

 

- Figure 2.4 Recognition of folds on geological maps   

  AI-generated prompt: “Generate a simple geological map diagram showing anticline and 
syncline structures with labelled rock ages.”   

  Suggested OER source: “OER geology fold recognition map diagram.”   

 

- Figure 2.5 Basic representation of a shear zone   

  AI-generated prompt: “Generate a simple diagram showing ductile deformation in a shear 
zone with mineral alignment.”   

  Suggested OER source: “OER geology shear zone diagram.”   

 

- Plate 2.3 Types of shear zones   

  AI-generated prompt: “Generate an educational illustration comparing brittle shear zones 
at shallow depth and ductile shear zones at deeper levels.”   

  Suggested OER source: “OER geology brittle vs ductile shear zones image.”   



 

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

 

- Box 2.3 Geological significance of shear zones   

  AI-generated prompt: “Create a box listing the geological significance of shear zones: 
crustal movement, tectonic boundaries, fluid pathways, mineralisation.”   

  Suggested OER source: “OER geology significance of shear zones.”   

 

- Figure 2.6 Examples of shear zones in crustal deformation   

  AI-generated prompt: “Generate a simple world map highlighting major shear zones such 
as the San Andreas Fault, Alpine Fault, and Canadian Shield shear zones.”   

  Suggested OER source: “OER geology global shear zones map.”   

 

- Figure 2.7 Formation of a ring dyke   

  AI-generated prompt: “Generate a simple diagram showing magma intruding along 
concentric fractures to form a ring dyke.”   

  Suggested OER source: “OER geology ring dyke formation diagram.”   

 

- Plate 2.4 Examples of ring dykes in different geological settings   

  AI-generated prompt: “Generate an educational illustration showing ring dykes in Nigeria, 
Ireland, and Scotland with labelled locations.”   

  Suggested OER source: “OER geology ring dyke examples image.”   

 

- Box 2.4 Significance of ring dykes in structural geology   

  AI-generated prompt: “Create a box listing the significance of ring dykes in structural 
geology: crustal extension, volcanic evolution, magma emplacement, mineral deposits.”   

  Suggested OER source: “OER geology significance of ring dykes.”   

 

- Figure 2.8 Integration of structural features in geological mapping   

  AI-generated prompt: “Generate a simplified geological map showing faults, folds, shear 
zones, and ring dykes labelled.”   

  Suggested OER source: “OER geology structural features geological map.”   

 

- Box 2.5 Applications of structural interpretation   
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  AI-generated prompt: “Create a box listing applications of structural interpretation: 
hydrocarbon exploration, mineralisation, earthquake risk evaluation, slope stability, 
volcanic hazard assessment.”   

  Suggested OER source: “OER geology applications of structural interpretation.”   

 

- Plate 2.5 Case studies of structural features in regional geology   

  AI-generated prompt: “Generate an educational illustration showing structural features in 
Nigeria (faults and folds), California (San Andreas Fault), and Scotland (Loch Bà Ring 
Dyke).”   

  Suggested OER source: “OER geology case studies structural features image.”   

 

 

 

Course code: GEY 313 

Course title: Structural Geology  

Units: 3 Units 

List of series  

Series 1: Fundamentals of Rock Dynamics and Stress-Strain Relationships   

Series 2: Faults, Folds, Shears, and Ring Dykes   

Series 3: Introduction to Crustal Tectonics and Deformational Structures   

Series 4: Geological Map Study, Problems, and Interpretation   

Series 5: Stereographic Projection and Structural Mapping Practice   

 

3.1 Fundamentals of crustal tectonics   

- 3.1.1 Definition and scope of crustal tectonics   

- 3.1.2 Plate tectonic framework and crustal deformation   

- 3.1.3 Stress regimes and tectonic settings   

 

3.2 Major deformational structures   

- 3.2.1 Folds and their tectonic significance   
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- 3.2.2 Faults and thrust systems in tectonics   

- 3.2.3 Shear zones and crustal flow   

- 3.2.4 Ring dykes and intrusive tectonic features   

 

3.3 Regional tectonic environments   

- 3.3.1 Orogenic belts and mountain building   

- 3.3.2 Rift valleys and extensional tectonics   

- 3.3.3 Transform boundaries and strike-slip systems   

- 3.3.4 Basin formation and crustal subsidence   

 

3.4 Applications and case studies   

- 3.4.1 Structural interpretation in tectonic mapping   

- 3.4.2 Resource exploration in tectonic settings   

- 3.4.3 Hazard assessment in tectonically active regions   

- 3.4.4 Selected global case studies   

 

Introduction 

In the last Series, we examined faults, folds, shear zones, and ring dykes, all of which are key 
structures that reveal how the earth’s crust responds to stress and strain. Building on that 
foundation, this Series turns our attention to crustal tectonics and deformational 
structures. These topics are central to understanding the large-scale processes that shape 
continents, form mountains, create basins, and drive the dynamic evolution of the earth’s 
surface. By studying them, you will gain insights into both the forces that deform the crust 
and the structures that record these processes.   

The aim of this Series is to introduce you to the principles of crustal tectonics and to equip 
you with the knowledge needed to identify, analyse, and apply concepts of deformational 
structures in geological interpretation.   

We shall commence this Series by exploring the fundamentals of crustal tectonics, 
including its scope, plate tectonic framework, and stress regimes. Next, we will move on to 
major deformational structures such as folds, faults, shear zones, and ring dykes, 
considering their tectonic significance. Following that, we will examine regional tectonic 
environments, including orogenic belts, rift valleys, transform boundaries, and basins. 
Finally, we will wrap up with applications and case studies, showing how structural 
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interpretation is used in mapping, resource exploration, and hazard assessment, and 
highlighting examples from around the world. 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to:   

- SLO 3.1 define the scope of crustal tectonics and explain its relationship to plate tectonic 
processes,   

- SLO 3.2 analyse stress regimes and their influence on crustal deformation,   

- SLO 3.3 classify major deformational structures such as folds, faults, shear zones, and ring 
dykes,   

- SLO 3.4 explain the tectonic significance of folds, faults, shear zones, and ring dykes,   

- SLO 3.5 describe regional tectonic environments including orogenic belts, rift valleys, 
transform boundaries, and basins,   

- SLO 3.6 evaluate the processes of mountain building, rifting, and basin formation in crustal 
tectonics,   

- SLO 3.7 apply structural interpretation techniques to tectonic mapping,   

- SLO 3.8 assess the importance of structural features in resource exploration and hazard 
assessment, and   

- SLO 3.9 analyse selected global case studies to illustrate applications of crustal tectonics 
and deformational structures.   

 

3.1 Fundamentals of Crustal Tectonics 

3.1.1 Definition and scope of crustal tectonics 

Crustal tectonics refers to the study of large-scale processes that deform the earth’s crust, 
including the movement of tectonic plates and the structures that result from these 
movements. It encompasses both the physical forces acting on the crust and the geological 
features produced, such as mountains, basins, and fault systems. The scope of crustal 
tectonics is broad, linking local structural features to global plate tectonic processes.   

 

Fill in the blank: The study of large-scale processes that deform the earth’s crust is 
called  tectonics.   
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 Figure 3.1 Scope of crustal tectonics. 

 

3.1.2 Plate tectonic framework and crustal deformation 

The plate tectonic framework provides the foundation for understanding crustal tectonics. 
The earth’s lithosphere is divided into rigid plates that move relative to one another. These 
movements occur at plate boundaries, which are classified into three types:   

- Divergent boundaries: Plates move apart, creating new crust at mid-ocean ridges.   
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- Convergent boundaries: Plates collide, leading to subduction zones and mountain 
building.   

- Transform boundaries: Plates slide past each other, producing strike-slip faults.   

Crustal deformation occurs as these plates interact, producing structures such as folds, 
faults, and shear zones.   

 

Fill in the blank: At  boundaries, plates move apart and new crust is formed at mid-ocean 
ridges.   
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 Plate 3.1 Plate tectonic boundaries and crustal deformation. 

 

3.1.3 Stress regimes and tectonic settings 
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A stress regime refers to the dominant type of stress acting on rocks in a given tectonic 
setting. Stress is the force applied per unit area, and it influences how rocks deform. The 
three main stress regimes are:   

- Tensional stress: Pulls rocks apart, common at divergent boundaries.   

- Compressional stress: Pushes rocks together, typical at convergent boundaries.   

- Shear stress: Causes rocks to slide past each other, characteristic of transform 
boundaries.   

Each stress regime produces distinctive deformational structures. For example, tensional 
stress leads to normal faults, compressional stress produces folds and thrust faults, and 
shear stress generates strike-slip faults and shear zones.   

 

Fill in the blank: The type of stress that pushes rocks together, typical at convergent 
boundaries, is called  stress.   
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Box 3.1 Stress regimes and associated tectonic settings. 

 

Pilot questions 3.1 

1. What is the definition of crustal tectonics?   

2. Name the three types of plate boundaries.   

3. Which type of boundary is associated with the formation of new crust?   

4. What are the three main stress regimes in tectonics?   
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5. Which stress regime is typical of transform boundaries?   

 

3.2 Major Deformational Structures 

3.2.1 Folds and their tectonic significance 

A fold is a bend or curve in rock layers caused by compressional forces. Folds are important 
because they record the direction and intensity of stress in the crust. They can form large-
scale structures such as mountain ranges or smaller features visible in outcrops. The two 
most common types are anticlines, which arch upwards with the oldest rocks at the core, 
and synclines, which curve downwards with the youngest rocks at the centre.   

Folds are significant in tectonics because they indicate compressional regimes and often 
act as traps for hydrocarbons, making them vital in resource exploration.   

 

Fill in the blank: An upward-arching fold with the oldest rocks at the core is called an .   
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 Figure 3.2 Anticline and syncline folds. 

 

3.2.2 Faults and thrust systems in tectonics 

A fault is a fracture in the earth’s crust along which movement has occurred. Faults are 
classified into normal, reverse, thrust, and strike-slip types, each reflecting different stress 
regimes. Thrust faults, which are low-angle reverse faults, are particularly important in 
tectonics because they accommodate large-scale crustal shortening and are associated 
with mountain building.   
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Faults and thrust systems are significant because they mark zones of crustal weakness, 
control seismic activity, and influence the distribution of natural resources.   

 

Fill in the blank: A low-angle reverse fault associated with mountain building is called 
a  fault.   

 

 
 Plate 3.2 Types of faults and thrust systems. 

 

3.2.3 Shear zones and crustal flow 

A shear zone is a region of intense deformation where rocks are displaced along a zone of 
weakness. Shear zones can be brittle at shallow depths or ductile at greater depths under 
high temperature and pressure. They are important in tectonics because they 
accommodate crustal flow and mark boundaries between tectonic blocks.   

Shear zones also act as pathways for fluids, influencing mineralisation and metamorphism. 
Their presence provides evidence of large-scale crustal movements and tectonic 
evolution.   

 

Fill in the blank: Shear zones that occur at deeper crustal levels under high temperature and 
pressure are called _______ shear zones.   

The Tectonic Significance of Shear Zones 

1. Mechanisms for Crustal Flow 

• Significance: They accommodate the "ductile" movement of the crust. 
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• Mechanism: At depths below the brittle-ductile transition (typically >10\text{--
}15\text{ km}), rocks don't break; they undergo mylonitization. Shear zones allow 
large sections of the lithosphere to slide past or over each other, facilitating the 
stretching or thickening of the crust during mountain building. 

2. Markers of Ancient Tectonic Boundaries 

• Significance: They reveal where old tectonic plates once met. 
• Mechanism: Many shear zones represent "sutures"—the scars left behind when two 

continents collided. Geologists use the orientation and sense of movement 
(kinematics) within these zones to reconstruct the assembly and breakup of 
supercontinents like Pangea or Gondwana. 

3. Structural Control for Mineralisation 

• Significance: They act as primary "plumbing systems" for ore-forming fluids. 
• Mechanism: The intense deformation creates pathways for hydrothermal fluids to 

migrate. As pressure and temperature change within the zone, minerals like gold, 
copper, and silver precipitate out. For example, many of the world's most productive 
"Orogenic Gold" deposits are hosted directly within major shear systems. 

 Box 3.2 Significance of shear zones in tectonics. 

 

3.2.4 Ring dykes and intrusive tectonic features 

A ring dyke is a circular igneous intrusion formed when magma rises through concentric 
fractures, often associated with volcanic centres. Ring dykes are important in tectonics 
because they record episodes of crustal extension and magmatic intrusion. They also 
provide insights into the structural controls on magma emplacement.   

Examples include the Slieve Gullion Ring Dyke in Northern Ireland and the Loch Bà Ring Dyke 
in Scotland. These features highlight the link between tectonics and magmatism.   

 

Fill in the blank: A circular igneous intrusion formed when magma rises through concentric 
fractures is called a .   
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 Figure 3.3 Formation of a ring dyke. 

 

Pilot questions 3.2 

1. What is the definition of a fold in geology?   

2. Name two common types of folds.   

3. Which type of fault is associated with mountain building?   
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4. What are the two main types of shear zones?   

5. Give one example of a ring dyke and its location.   

 

 

3.3 Regional Tectonic Environments 

3.3.1 Orogenic belts and mountain building 

Orogenic belts are elongated regions of the earth’s crust where intense deformation has 
occurred, usually as a result of plate convergence. They are characterised by folds, thrust 
faults, and metamorphism, and they often give rise to mountain ranges. The process of 
mountain building, also called orogeny, involves crustal shortening, thickening, and uplift. 
Famous examples include the Himalayas and the Alps.   

 

Fill in the blank: Elongated regions of intense deformation formed by plate convergence are 
called _____ belts.   
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 Figure 3.4 Formation of an orogenic belt. 

 

3.3.2 Rift valleys and extensional tectonics 

A rift valley is a large depression formed when the crust is pulled apart under tensional 
stress. Rift valleys are associated with divergent boundaries and are characterised by 
normal faults and volcanic activity. The East African Rift is a classic example, where the 
continental crust is being stretched and thinned.   

Extensional tectonics in rift valleys plays a key role in crustal evolution, as it creates new 
basins and can eventually lead to the formation of new ocean basins.   
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Fill in the blank: Large depressions formed when the crust is pulled apart under tensional 
stress are called  valleys.   

 

 

 
Plate 3.3 Rift valley formation. 

 

3.3.3 Transform boundaries and strike-slip systems 

Transform boundaries occur where tectonic plates slide past one another horizontally. 
These boundaries are characterised by strike-slip faults, which accommodate lateral 



 

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

displacement of crustal blocks. The San Andreas Fault in California is one of the most 
studied examples of a transform boundary.   

Transform boundaries are significant because they are often associated with seismic 
hazards, as stress builds up and is released suddenly during earthquakes.   

 

Fill in the blank: Boundaries where tectonic plates slide past one another horizontally are 
called  boundaries.   

 

 

 
Box 3.3 Features of transform boundaries. 



 

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

 

3.3.4 Basin formation and crustal subsidence 

A basin is a large, low-lying area where sediments accumulate, often formed by crustal 
subsidence. Basins can develop in a variety of tectonic settings, including rift zones, 
foreland regions adjacent to mountain belts, and passive continental margins.   

Basins are important because they serve as repositories for sediments and organic material, 
making them prime locations for hydrocarbon exploration. They also record the tectonic and 
depositional history of a region.   

 

Fill in the blank: Large, low-lying areas where sediments accumulate due to crustal 
subsidence are called 
_______.  
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Figure 3.5 Basin formation and crustal subsidence 

Pilot questions 3.3 

1. What is an orogenic belt?   

2. Which process is responsible for mountain building?   

3. What is the East African Rift an example of?   

4. Which type of fault is associated with transform boundaries?   

5. Why are basins significant in geology?   

 

3.4 Applications and Case Studies 

3.4.1 Structural interpretation in tectonic mapping 

Structural interpretation is the process of analysing geological structures to understand the 
deformation history of a region. In tectonic mapping, this involves identifying faults, folds, 
shear zones, and intrusive features such as ring dykes, and then integrating them into a 
coherent geological model. Structural interpretation helps geologists reconstruct past 
tectonic events and predict subsurface structures, which is essential for both academic 
research and practical applications.   

 

Fill in the blank: The process of analysing geological structures to understand deformation 
history is called structural .   
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Figure 3.6 Structural interpretation in tectonic mapping. 

 

3.4.2 Resource exploration in tectonic settings 

Structural features play a critical role in resource exploration. Anticlines often form traps for 
hydrocarbons, shear zones can host mineralisation, and basins accumulate sediments rich 
in organic material. Ring dykes may contain rare metals associated with alkaline igneous 
complexes. By interpreting these structures, geologists can identify promising areas for 
exploration and reduce the risks associated with resource development.   

 

Fill in the blank: Anticlines are important in hydrocarbon exploration because they often act 
as  traps.   
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Structure Significance in Exploration Resource Examples 

Anticlines 

Hydrocarbon Traps: These upward-arching folds 
create natural domes. When topped with an 
impermeable "cap rock," they trap buoyant oil and 
natural gas, preventing them from escaping to the 
surface. 

Oil, Natural Gas (e.g., 
Middle East oil fields) 

Shear Zones 

Mineralization Conduits: These deep crustal 
deformation zones act as high-pressure "plumbing 
systems." Hydrothermal fluids carrying dissolved 
metals travel through these zones and precipitate 
minerals as they cool. 

Gold, Copper, Silver 
(e.g., Orogenic gold 
deposits) 

Sedimentary 
Basins 

Accumulation Centers: Massive depressions that 
collect thick sequences of organic-rich sediment 
over millions of years. The pressure and heat within 
these basins cook organic matter into fossil fuels. 

Coal, Shale Gas, 
Groundwater (e.g., 
North Sea Basin) 

Ring Dykes 

Rare Element Concentration: These circular 
igneous intrusions result from caldera collapses. 
The specialized, highly evolved magmas associated 
with them are often enriched in rare metals. 

Rare Earth Elements 
(REEs), Tantalum, 
Niobium (e.g., Strange 
Lake, Canada) 

 

 Box 3.4 Structural features in resource exploration. 

 

3.4.3 Hazard assessment in tectonically active regions 

Structural interpretation is also vital in hazard assessment. Faults are linked to earthquakes, 
folds can influence slope stability, shear zones may reduce rock strength, and ring dykes 
provide evidence of past volcanic activity. By studying these features, geologists can assess 
risks and advise on safe land use, construction, and disaster preparedness.   

 

Fill in the blank: Faults are critical in hazard assessment because they are directly linked 
to  activity.   
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Plate 3.4 Structural features and tectonic hazards. 

 

3.4.4 Selected global case studies 

Case studies provide practical examples of how structural interpretation is applied. The 
Niger Delta Basin in Nigeria demonstrates the role of faults and folds in hydrocarbon 
exploration. The San Andreas Fault Zone in California highlights seismic hazards at 
transform boundaries. The Loch Bà Ring Dyke in Scotland illustrates magmatic intrusion and 
its geological significance. These examples show how structural features are integrated into 
both scientific understanding and practical applications.   

 

Fill in the blank: The San Andreas Fault Zone in California is a classic example of 
a  boundary.   
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 Figure 3.7 Global case studies of structural features. 

 

Pilot questions 3.4 

1. What is structural interpretation in tectonic mapping?   

2. Why are anticlines important in hydrocarbon exploration?   

3. Which structural feature is directly linked to earthquake hazards?   

4. Give one example of a ring dyke and its significance.   
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5. Name one global case study where faults play a critical role in hazard assessment.   

 

Series Summary 

This Series has introduced you to the principles of crustal tectonics and deformational 
structures, highlighting their importance in understanding how the earth’s crust responds to 
stress and plate movements. Its purpose has been to connect local geological features such 
as folds, faults, shear zones, and ring dykes to broader tectonic processes, showing their 
relevance in both scientific interpretation and practical applications like resource 
exploration and hazard assessment.   

We began with the fundamentals of crustal tectonics, examining its scope, plate tectonic 
framework, and stress regimes. We then moved on to major deformational structures, 
considering their definitions, classifications, and tectonic significance. Following that, we 
explored regional tectonic environments, including orogenic belts, rift valleys, transform 
boundaries, and basins, and discussed how these settings shape crustal evolution. Finally, 
we concluded with applications and case studies, demonstrating how structural 
interpretation supports mapping, exploration, and hazard assessment across different 
regions. By completing this Series, you should now be able to define and explain key tectonic 
concepts, classify deformational structures, describe regional tectonic environments, and 
apply structural interpretation to real-world geological problems, thereby achieving the 
Series Learning Outcomes. 

 

Glossary of Terms 

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

 

- Basin: A large, low-lying area where sediments accumulate, often formed by crustal 
subsidence.   

 

- Compressional stress: A type of stress that pushes rocks together, typical of convergent 
plate boundaries.   

 

- Crustal tectonics: The study of large-scale processes that deform the earth’s crust, 
including plate movements and the structures they produce.   

 

- Divergent boundary: A plate boundary where tectonic plates move apart, creating new 
crust at mid-ocean ridges.   

 

- Fault: A fracture in the earth’s crust along which movement has occurred, often linked to 
earthquakes and displacement of rock layers.   
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- Fold: A bend or curve in rock layers caused by compressional forces, forming structures 
such as anticlines and synclines.   

 

- Normal fault: A fault formed under tensional stress, where the hanging wall moves 
downward relative to the footwall.   

 

- Orogenic belt: An elongated region of intense deformation formed by plate convergence, 
often associated with mountain building.   

 

- Plate tectonic framework: The global system in which the earth’s lithosphere is divided into 
rigid plates that move relative to one another.   

 

- Ring dyke: A circular igneous intrusion formed when magma rises through concentric 
fractures, often linked to volcanic centres.   

 

- Rift valley: A large depression formed when the crust is pulled apart under tensional stress, 
commonly associated with divergent boundaries.   

 

- Shear stress: A type of stress that causes rocks to slide past one another, typical of 
transform boundaries.   

 

- Shear zone: A region of intense deformation where rocks are displaced along a zone of 
weakness, either brittle at shallow depths or ductile at greater depths.   

 

- Strike-slip fault: A fault where movement is mainly horizontal, caused by shear stress, with 
little vertical displacement.   

 

- Syncline: A downward-curving fold in rock layers, with the youngest rocks found at the 
centre.   

 

- Tensional stress: A type of stress that pulls rocks apart, typical of divergent plate 
boundaries.   

 

- Thrust fault: A low-angle reverse fault formed under compressional stress, commonly 
associated with mountain building.   
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- Transform boundary: A plate boundary where tectonic plates slide past one another 
horizontally, often linked to seismic hazards.   

 

This glossary provides clear definitions of the key terms introduced in Series 3: Crustal 
Tectonics and Deformational Structures, supporting independent learning and reinforcing 
the Series Learning Outcomes. 

 

Concept Check Questions [Series 3] 

Objective Questions   

1. The study of large-scale processes that deform the earth’s crust is called  tectonics. 
(Linked to SLO 3.1)   

2. At  boundaries, plates move apart and new crust is formed. (Linked to SLO 3.1)   

3. Which type of stress pushes rocks together, typical of convergent boundaries? (Linked to 
SLO 3.2)   

4. An upward-arching fold with the oldest rocks at the core is called an . (Linked to SLO 3.3)   

5. The San Andreas Fault Zone is a classic example of a  boundary. (Linked to SLO 3.5)   

 

Short-Answer Questions   

6. Define a fault and explain its tectonic significance. (Linked to SLO 3.3 and SLO 3.4)   

7. List the three main types of plate boundaries and describe the movement at each. (Linked 
to SLO 3.1)   

8. Differentiate between brittle and ductile shear zones. (Linked to SLO 3.3)   

9. Give one example of a ring dyke and explain its geological importance. (Linked to SLO 3.4)   

10. Why are basins significant in resource exploration? (Linked to SLO 3.6 and SLO 3.8)   

 

Long-Answer Questions   

11. Analyse the role of stress regimes in shaping crustal deformation and the structures they 
produce. (Linked to SLO 3.2 and SLO 3.3)   

12. Evaluate the importance of structural interpretation in tectonic mapping, resource 
exploration, and hazard assessment, using case studies. (Linked to SLO 3.7, SLO 3.8, and 
SLO 3.9)   
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Answers to Concept Check Questions [Series 3] 

 

Objective Questions   

1. Crustal   

2. Divergent   

3. Compressional stress   

4. Anticline   

5. Transform   

 

Short-Answer Questions   

6. A fault is a fracture in the earth’s crust along which movement has occurred. Tectonically, 
faults mark zones of weakness, accommodate crustal displacement, and are linked to 
seismic activity.   

7. Divergent boundaries (plates move apart, new crust forms), Convergent boundaries 
(plates collide, subduction or mountain building occurs), Transform boundaries (plates 
slide past each other horizontally).   

8. Brittle shear zones occur at shallow crustal levels with fracturing and grinding, while 
ductile shear zones occur at deeper levels under high temperature and pressure, where 
rocks bend and flow.   

9. The Loch Bà Ring Dyke in Scotland is an example. It is important because it records 
magmatic intrusion and crustal extension, providing insights into volcanic and tectonic 
processes.   

10. Basins are significant because they accumulate sediments and organic material, making 
them prime locations for hydrocarbon exploration and recording tectonic history.   

 

Long-Answer Questions   

11.   

- Basic response: Stress regimes control how rocks deform. Tensional stress produces 
normal faults and rift valleys, compressional stress creates folds and thrust faults, and 
shear stress generates strike-slip faults and shear zones.   

- Value-added response: Beyond these structures, stress regimes also influence crustal 
evolution and resource distribution. For example, compressional stress in orogenic belts 
leads to mountain building, tensional stress in rifts can form new ocean basins, and shear 
stress at transform boundaries is linked to seismic hazards. Understanding stress regimes 
allows geologists to predict structural patterns and assess tectonic activity.   
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12.   

- Basic response: Structural interpretation involves analysing faults, folds, shear zones, and 
ring dykes to reconstruct tectonic histories. It is important in mapping, resource exploration, 
and hazard assessment.   

- Value-added response: Case studies illustrate its broader significance. In the Niger Delta 
Basin, faults and folds control hydrocarbon traps. The San Andreas Fault Zone highlights 
seismic hazards at transform boundaries. The Loch Bà Ring Dyke demonstrates magmatic 
intrusion and volcanic hazards. These examples show how structural interpretation 
integrates scientific understanding with practical applications in geology, engineering, and 
disaster preparedness.   

 

Answers to Pilot Questions [Series 3] 

Part 3.1 Fundamentals of Crustal Tectonics   

1. Crustal tectonics is the study of large-scale processes that deform the earth’s crust, 
including plate movements and the structures they produce.   

2. Divergent, convergent, and transform boundaries.   

3. Divergent boundaries.   

4. Tensional, compressional, and shear stress.   

5. Shear stress.   

 

Part 3.2 Major Deformational Structures   

1. A fold is a bend or curve in rock layers caused by compressional forces.   

2. Anticline and syncline.   

3. Thrust fault.   

4. Brittle shear zones and ductile shear zones.   

5. Loch Bà Ring Dyke in Scotland.   

 

Part 3.3 Regional Tectonic Environments   

1. An orogenic belt is an elongated region of intense deformation formed by plate 
convergence, often associated with mountain building.   

2. Orogeny (mountain building).   

3. A rift valley.   
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4. Strike-slip fault.   

5. Because they accumulate sediments and organic material, making them prime locations 
for hydrocarbon exploration and recording tectonic history.   

 

Part 3.4 Applications and Case Studies   

1. Structural interpretation is the process of analysing geological structures to understand 
the deformation history of a region.   

2. Because they often act as hydrocarbon traps.   

3. Faults.   

4. Slieve Gullion Ring Dyke in Northern Ireland, significant for recording magmatic intrusion 
and crustal extension.   

5. The San Andreas Fault Zone in California.   

 

References and Attributions [Series 3] 

This section compiles all references and illustration attributions used or suggested in Series 
3: Crustal Tectonics and Deformational Structures. The referencing style applied here 
follows APA guidelines for clarity and consistency.   

 

General References   

- Davis, G. H., Reynolds, S. J., & Kluth, C. F. (2011). Structural Geology of Rocks and Regions 
(3rd ed.). Wiley.   

- Fossen, H. (2016). Structural Geology. Cambridge University Press.   

- Open Educational Resources (OER) Commons. (n.d.). Geology resources. Retrieved from 
https://www.oercommons.org   

- US Geological Survey (USGS). (n.d.). Geology and tectonics resources. Retrieved from 
https://www.usgs.gov   

 

Illustration Attributions   

 

- Figure 3.1 Scope of crustal tectonics   

  AI-generated prompt: “Generate a diagram showing tectonic plates and deformation zones 
in the earth’s crust.”   

  Suggested OER source: “OER geology crustal tectonics diagram.”   
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- Plate 3.1 Plate tectonic boundaries and crustal deformation   

  AI-generated prompt: “Generate an educational illustration showing divergent, 
convergent, and transform plate boundaries with arrows indicating movement.”   

  Suggested OER source: “OER geology plate tectonic boundaries image.”   

 

- Box 3.1 Stress regimes and associated tectonic settings   

  AI-generated prompt: “Create a box listing stress regimes and their associated tectonic 
settings: tensional-divergent, compressional-convergent, shear-transform.”   

  Suggested OER source: “OER geology stress regimes tectonic settings.”   

 

- Figure 3.2 Anticline and syncline folds   

  AI-generated prompt: “Generate a simple diagram showing anticline and syncline folds 
with labelled rock ages.”   

  Suggested OER source: “OER geology anticline syncline diagram.”   

 

- Plate 3.2 Types of faults and thrust systems   

  AI-generated prompt: “Generate an educational illustration showing normal, reverse, 
thrust, and strike-slip faults side by side.”   

  Suggested OER source: “OER geology types of faults image.”   

 

- Box 3.2 Significance of shear zones in tectonics   

  AI-generated prompt: “Create a box listing the significance of shear zones in tectonics: 
crustal flow, tectonic boundaries, mineralisation.”   

  Suggested OER source: “OER geology shear zones tectonics significance.”   

 

- Figure 3.3 Formation of a ring dyke   

  AI-generated prompt: “Generate a diagram showing magma intruding along concentric 
fractures to form a ring dyke.”   

  Suggested OER source: “OER geology ring dyke formation diagram.”   

 

- Figure 3.4 Formation of an orogenic belt   

  AI-generated prompt: “Generate a diagram showing crustal shortening and uplift forming 
an orogenic belt with folds and thrust faults.”   
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  Suggested OER source: “OER geology orogenic belt mountain building diagram.”   

 

- Plate 3.3 Rift valley formation   

  AI-generated prompt: “Generate an educational illustration showing a rift valley with 
normal faults and volcanic activity.”   

  Suggested OER source: “OER geology rift valley diagram.”   

 

- Box 3.3 Features of transform boundaries   

  AI-generated prompt: “Create a box listing features of transform boundaries: strike-slip 
faults, lateral displacement, seismic hazards.”   

  Suggested OER source: “OER geology transform boundaries features.”   

 

- Figure 3.5 Basin formation and crustal subsidence   

  AI-generated prompt: “Generate a diagram showing basin formation adjacent to a 
mountain belt with sediment accumulation.”   

  Suggested OER source: “OER geology basin formation diagram.”   

 

- Figure 3.6 Structural interpretation in tectonic mapping   

  AI-generated prompt: “Generate a simplified tectonic map showing faults, folds, shear 
zones, and ring dykes labelled.”   

  Suggested OER source: “OER geology tectonic mapping diagram.”   

 

- Box 3.4 Structural features in resource exploration   

  AI-generated prompt: “Create a box listing structural features in resource exploration: 
anticlines, shear zones, basins, ring dykes.”   

  Suggested OER source: “OER geology resource exploration structural features.”   

 

- Plate 3.4 Structural features and tectonic hazards   

  AI-generated prompt: “Generate an educational illustration showing tectonic hazards such 
as earthquakes, landslides, and volcanic eruptions linked to faults, folds, shear zones, and 
ring dykes.”   

  Suggested OER source: “OER geology tectonic hazards image.”   

 

- Figure 3.7 Global case studies of structural features   
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  AI-generated prompt: “Generate a world map highlighting case studies such as Niger Delta 
Basin, San Andreas Fault Zone, and Loch Bà Ring Dyke.”   

  Suggested OER source: “OER geology global case studies tectonics map.”   

 

 

Course code: GEY 313 

Course title: Structural Geology  

Units: 3 Units 

List of series  

Series 1: Fundamentals of Rock Dynamics and Stress-Strain Relationships   

Series 2: Faults, Folds, Shears, and Ring Dykes   

Series 3: Introduction to Crustal Tectonics and Deformational Structures   

Series 4: Geological Map Study, Problems, and Interpretation   

Series 5: Stereographic Projection and Structural Mapping Practice   

 

4.1 Fundamentals of geological maps   

- 4.1.1 Definition and purpose of geological maps   

- 4.1.2 Types of geological maps (topographic, structural, lithological)   

- 4.1.3 Symbols, colours, and conventions used in geological maps   

 

4.2 Techniques in geological map study   

- 4.2.1 Reading and interpreting map symbols   

- 4.2.2 Recognising geological structures on maps (faults, folds, intrusions)   

- 4.2.3 Cross-sections and three-dimensional visualisation   

 

4.3 Common problems in geological map interpretation   

- 4.3.1 Misidentification of structures   

- 4.3.2 Scale and projection issues   

- 4.3.3 Ambiguities in lithological boundaries   
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- 4.3.4 Strategies for resolving interpretation problems   

 

4.4 Applications and case studies   

- 4.4.1 Geological mapping in resource exploration   

- 4.4.2 Hazard assessment using geological maps   

- 4.4.3 Selected case studies of geological map interpretation 

 

Introduction 

In the last Series, we explored crustal tectonics and deformational structures, examining 
how forces within the earth shape features such as folds, faults, shear zones, and ring 
dykes. Building on that foundation, this Series focuses on geological maps, which are 
essential tools for visualising and interpreting these structures in real-world contexts. 
Geological maps allow geologists to represent complex information about rock types, 
structures, and tectonic settings in a clear and accessible way, making them indispensable 
for both academic study and practical applications such as resource exploration and hazard 
assessment.   

The aim of this Series is to introduce you to the principles of geological map study and to 
equip you with the skills needed to analyse, interpret, and apply geological maps effectively, 
while also recognising and resolving common problems that may arise during 
interpretation.   

We shall commence this Series by examining the fundamentals of geological maps, 
including their definition, purpose, types, and conventions. Next, we will move on to 
techniques in geological map study, where you will learn how to read symbols, recognise 
structures, and construct cross-sections. Following that, we will consider common 
problems in geological map interpretation, discussing misidentification, scale issues, and 
strategies for resolving ambiguities. Finally, we will wrap up with applications and case 
studies, highlighting how geological maps are used in resource exploration, hazard 
assessment, and practical geological investigations. 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to:   

- SLO 4.1 define the purpose of geological maps and explain their role in representing 
geological information,   

- SLO 4.2 identify and describe the types of geological maps and the conventions used in 
their preparation,   

- SLO 4.3 demonstrate how to read and interpret geological map symbols accurately,   
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- SLO 4.4 analyse geological structures such as faults, folds, and intrusions as represented 
on maps,   

- SLO 4.5 construct simple geological cross-sections to visualise three-dimensional 
relationships,   

- SLO 4.6 evaluate common problems encountered in geological map interpretation and 
suggest strategies for resolving them,   

- SLO 4.7 apply geological map analysis to resource exploration scenarios,   

- SLO 4.8 assess the use of geological maps in hazard identification and risk assessment, 
and   

- SLO 4.9 interpret selected case studies to illustrate practical applications of geological 
map analysis and interpretation.   

 

4.1 Fundamentals of Geological Maps 

4.1.1 Definition and purpose of geological maps 

A geological map is a specialised map that represents the distribution, nature, and age of 
rock units and geological structures at the earth’s surface. Unlike ordinary maps, which 
focus on physical features such as roads or rivers, geological maps provide information 
about the subsurface, helping geologists to interpret the history and processes that shaped 
a region. Their purpose is to communicate complex geological data in a visual format that 
can be used for research, exploration, and hazard assessment.   

 

Fill in the blank: A specialised map that shows the distribution and nature of rock units is 
called a  map.   
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Map 
Color 

Corrected Rock 
Unit Geological Age Description 

Yellow 
Quaternary 
Alluvium 

~2.5 Ma to 
Present 

Loose sand and gravel typically found in 
river valleys. 

Green 
Cretaceous 
Sandstone 

~145 to 66 Ma 
Sedimentary rock from the age of the 
dinosaurs. 

Blue Jurassic Limestone ~201 to 145 Ma Marine deposits often rich in fossils. 

Orange Permian Shale ~298 to 251 Ma  

 

 Figure 4.1 Example of a geological map. 

 



 

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

4.1.2 Types of geological maps 

There are several types of geological maps, each serving a different purpose:   

- Topographic maps: Show elevation and landforms using contour lines, often used as a 
base for geological mapping.   

- Structural maps: Highlight geological structures such as folds, faults, and intrusions.   

- Lithological maps: Focus on rock types and their distribution across a region.   

Each type provides unique insights, and together they help geologists build a 
comprehensive understanding of the earth’s crust.   

 

Fill in the blank: A map that highlights geological structures such as folds and faults is called 
a  map.   
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Plate 4.1 Types of geological maps  (topographic, structural, lithological).
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4.1.3 Symbols, colours, and conventions used in geological maps 

Geological maps use a standard set of symbols and colours to represent features. Symbols 
indicate structures such as faults, folds, and strike directions, while colours distinguish 
different rock units. These conventions ensure that maps are universally understandable 
across the geological community.   

For example, igneous rocks may be shown in shades of pink or red, sedimentary rocks in 
blues and greens, and metamorphic rocks in purples or browns. Faults are often 
represented by thick lines, folds by arrows or curves, and strike and dip by specific 
notations.   

 

Fill in the blank: On geological maps, different rock units are distinguished using .   

 

Geological Map Symbols & Colors: A Reference Guide 

1. Rock Types & Standard Colors 

Map Color Rock Category Typical Rock Examples 
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Pink / Red Igneous Granite, Basalt, Rhyolite (Volcanic & Plutonic) 

Blue / Green / Yellow Sedimentary Sandstone, Shale, Limestone, Alluvium 

Purple / Brown Metamorphic Gneiss, Slate, Marble, Schist 

2. Structural Symbols 

• Faults (Thick Black Lines): Indicate fractures in the Earth's crust where significant 
movement has occurred.  

• Solid line: Certain location. 
• Dashed line: Approximately located or inferred. 

• Folds (Curved Lines with Arrows): Represent the bending of rock layers.  
• Anticline: An arch-like shape (folds move away from the center). 
• Syncline: A trough-like shape (folds move toward the center). 

• Strike and Dip (T-shaped Symbol): * Strike: The long horizontal bar shows the 
compass direction of the rock layer.  

• Dip: The short perpendicular tick mark and number (e.g., 30°) show the angle 
and direction the layer is tilting into the Earth. 

3. Geological Definition 

Geological Maps: These specialized maps use a standardized set of colors, patterns, and 
symbols to represent the distribution, age, and orientation of rock units and tectonic 
structures across the Earth's surface. 

 Box 4.1 Common symbols and colours in geological maps. 

 

Pilot questions 4.1 

1. What is a geological map?   

2. Name three types of geological maps.   

3. Which type of map highlights geological structures such as folds and faults?   

4. What do colours represent on geological maps?   

5. Give one example of a convention used to represent faults on geological maps.   

 

4.2 Techniques in Geological Map Study 

4.2.1 Reading and interpreting map symbols 

Geological maps use a standardised set of map symbols to represent features such as 
faults, folds, bedding planes, and strike and dip measurements. These symbols are 
essential for communicating geological information clearly and consistently. For example, 
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a “T” symbol may indicate the strike and dip of rock layers, while arrows or curves may 
represent fold axes. Learning to read these symbols correctly is the first step in interpreting 
geological maps.   

 

Fill in the blank: The symbol used to show the orientation of rock layers on a geological map 
is called strike and _______.   

 

 

 

 

 
Figure 4.2 Common geological map symbols. 

 

4.2.2 Recognising geological structures on maps 

Geological maps often depict structures such as faults, folds, and intrusions. Faults are 
shown as thick lines, sometimes with arrows indicating movement. Folds are represented 
by curved lines or symbols marking anticlines and synclines. Intrusions such as ring dykes 
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or batholiths are outlined and coloured differently to distinguish them from surrounding 
rocks. Recognising these structures allows geologists to reconstruct the tectonic history of 
a region.   

 

Fill in the blank: Curved lines or symbols marking anticlines and synclines on a geological 
map represent .   

 

 

 
 Plate 4.2 Geological structures represented on maps. 

 

4.2.3 Cross-sections and three-dimensional visualization 
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A geological cross-section is a diagram that shows a vertical slice through the earth’s crust, 
constructed from information on a geological map. Cross-sections help geologists visualize 
the three-dimensional arrangement of rock units and structures. They are particularly useful 
for understanding subsurface geology, predicting the continuation of structures at depth, 
and planning exploration activities.   

To construct a cross-section, geologists project map data along a chosen line, interpret the 
geometry of rock layers, and represent them in a vertical profile.   

 

Fill in the blank: A diagram that shows a vertical slice through the earth’s crust, based on 
map data, is called a geological _________.   

 

 

 
Figure 4.3 Geological cross-section derived from a map. 

 

Pilot questions 4.2 

1. What is the purpose of map symbols in geological maps?   
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2. Name two structures commonly represented on geological maps.   

3. Which type of diagram shows a vertical slice through the earth’s crust?   

4. How are faults typically represented on geological maps?   

5. Why are cross-sections important in geological interpretation?   

 

4.3 Common Problems in Geological Map Interpretation 

4.3.1 Misidentification of structures 

One of the most frequent challenges in geological map interpretation is the misidentification 
of structures. For example, a fold may be mistaken for a fault, or an intrusion may be 
confused with a sedimentary unit. Such errors often arise when symbols are overlooked or 
when rock boundaries are not clearly defined. Careful attention to map conventions and 
cross-checking with field data can help reduce these mistakes.   

 

Fill in the blank: Mistaking a fold for a fault on a geological map is an example of  of 
structures.   
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 Figure 4.4 Example of misidentification of structures. 

 

4.3.2 Scale and projection issues 

Geological maps are created at different scales, which determine the level of detail shown. 
A large-scale map (e.g., 1:25,000) shows more detail, while a small-scale map (e.g., 
1:250,000) covers a wider area but with less precision. Misinterpretation can occur when 
learners fail to account for scale differences.   
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Projection issues also arise because maps represent three-dimensional features on a two-
dimensional surface. Distortions in shape or distance can affect interpretation, especially 
in regions with complex geology.   

 

Fill in the blank: A map that covers a wide area but shows less detail is described as a -scale 
map.   

 

 
 Plate 4.3 Comparison of large-scale and small-scale maps. 

 

4.3.3 Ambiguities in lithological boundaries 

Lithological boundaries mark the contacts between different rock types. On maps, these 
boundaries may appear sharp, but in reality they can be gradational or obscured by 
weathering and vegetation. Ambiguities arise when boundaries are not well defined, leading 
to uncertainty in interpretation. Geologists often resolve these ambiguities by combining 
map data with field observations and cross-sections.   
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Fill in the blank: Boundaries between different rock types on geological maps are 
called  boundaries.   

 

 

 
 Figure 4.5 Ambiguities in lithological boundaries. 

 

4.3.4 Strategies for resolving interpretation problems 

To overcome these challenges, geologists use several strategies:   

- Cross-checking map data with field observations.   

- Constructing geological cross-sections to visualise structures in three dimensions.   

- Comparing maps of different scales to balance detail and coverage.   
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- Consulting aerial photographs, satellite imagery, and geophysical data for additional 
evidence.   

These strategies help ensure that geological interpretations are accurate and reliable.   

 

Fill in the blank: One way to resolve ambiguities in geological maps is to construct geological 
____.   

 

Strategies for Geological Map Interpretation 

Field Data Cross-
Checking 

Validating map symbols against 
actual outcrop measurements 
(strike/dip). 

Ground-truthing ensures that 
theoretical map patterns match 
physical reality. 

Cross-Section 
Construction 

Projecting surface data into a 
vertical profile to check for 
structural consistency. 

It reveals "impossible" geometries, 
such as beds that don't thin or thicken 
logically. 

Scale 
Comparison 

Analyzing the map at various 
scales to identify regional vs. local 
features. 

Prevents over-interpreting minor 
erosional features as major tectonic 
boundaries. 

Satellite Imagery 
Integration 

Overlaying map data on top of 
remote sensing or LiDAR imagery. 

Helps trace large-scale lineaments or 
contacts that are obscured by 
vegetation on the ground. 

 

Box 4.2 Strategies for resolving geological map interpretation problems. 

 

Pilot questions 4.3 

1. What is misidentification of structures in geological maps?   

2. How does scale affect geological map interpretation?   

3. What are lithological boundaries?   

4. Name two strategies for resolving interpretation problems.   

5. Why can projection issues cause difficulties in geological map interpretation?   

 

4.4 Applications and Case Studies 

4.4.1 Geological mapping in resource exploration 
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Geological maps are invaluable in resource exploration because they reveal the distribution 
of rock types and structures that may host valuable minerals, hydrocarbons, or 
groundwater. For example, anticlines often act as traps for oil and gas, while shear zones 
can host mineral deposits such as gold. By interpreting geological maps, geologists can 
identify promising areas for exploration and reduce the risks associated with drilling or 
mining.   

 

Fill in the blank: Anticlines are important in hydrocarbon exploration because they often act 
as  traps.   

 

 

 
Figure 4.6 Anticline as a hydrocarbon trap. 

 

4.4.2 Hazard assessment using geological maps 
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Geological maps also play a critical role in hazard assessment. Faults are linked to 
earthquake risks, folds can influence slope stability, and volcanic intrusions such as ring 
dykes provide evidence of past magmatic activity. By studying these features, geologists can 
assess potential hazards and advise on safe land use, construction, and disaster 
preparedness.   

 

Fill in the blank: Faults are critical in hazard assessment because they are directly linked to 
______ activity.   

 

 

 
 Plate 4.4 Geological maps and hazard assessment. 

 

4.4.3 Selected case studies of geological map interpretation 

Case studies provide practical examples of how geological maps are applied. The Niger 
Delta Basin in Nigeria demonstrates the role of faults and folds in hydrocarbon exploration. 
The San Andreas Fault Zone in California highlights seismic hazards at transform 
boundaries. The Loch Bà Ring Dyke in Scotland illustrates magmatic intrusion and its 
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geological significance. These examples show how geological maps are integrated into both 
scientific understanding and practical applications.   

 

Fill in the blank: The San Andreas Fault Zone in California is a classic example of a ____ 
boundary.   

Selected Case Studies in Geological Map Interpretation 

Case Study 
Primary Geological 
Focus 

Practical Application 

Niger Delta 
Basin 

Cenozoic Deltaic 
Sequences & Normal 
Faulting. 

Identifying growth faults and rollover anticlines that 
act as traps for significant hydrocarbon reserves. 

San Andreas 
Fault Zone 

Transform Plate 
Boundaries & Strike-Slip 
Faulting. 

Mapping lateral displacement of rock units to 
assess seismic risk and calculate historical slip 
rates for hazard mitigation. 

Loch Bà Ring 
Dyke 

Igneous Intrusions & 
Caldera Subsidence. 

Interpreting circular outcrop patterns to understand 
the collapse mechanisms of ancient volcanic 
centers and magma movement. 

 

Caption: Box 4.3 Selected case studies in geological map interpretation. 

 

Pilot questions 4.4 

1. Why are geological maps important in resource exploration?   

2. Which structural feature is directly linked to earthquake hazards?   

3. Give one example of a ring dyke and its significance.   

4. Name one global case study where faults play a critical role in hazard assessment.   

5. How do geological maps contribute to disaster preparedness?   

 

Series Summary 

This Series has focused on geological maps, which are essential tools for representing and 
interpreting the distribution of rock units and structures at the earth’s surface. Its purpose 
has been to equip you with the knowledge and skills needed to study, analyse, and apply 
geological maps in both academic and practical contexts, highlighting their relevance in 
exploration and hazard assessment.   
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We began by examining the fundamentals of geological maps, including their definition, 
types, and conventions. We then moved on to techniques in map study, such as reading 
symbols, recognising structures, and constructing cross-sections. Following that, we 
considered common problems in interpretation, including misidentification, scale issues, 
and ambiguous boundaries, alongside strategies for resolving them. Finally, we explored 
applications and case studies, showing how geological maps are used in resource 
exploration, hazard assessment, and global examples. By completing this Series, you 
should now be able to define the purpose of geological maps, identify their types and 
conventions, interpret symbols and structures, construct cross-sections, evaluate 
interpretation challenges, and apply map analysis to real-world scenarios, thereby 
achieving the Series Learning Outcomes. 

 

Glossary of Terms 

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

 

- Cross-section: A diagram showing a vertical slice through the earth’s crust, constructed 
from geological map data to visualise rock layers and structures in three dimensions.   

 

- Fault: A fracture in the earth’s crust along which movement has occurred, often 
represented on maps by thick lines and arrows indicating displacement.   

 

- Fold: A bend or curve in rock layers caused by compressional forces, commonly shown on 
maps as anticlines and synclines.   

 

- Geological map: A specialised map that represents the distribution, nature, and age of rock 
units and geological structures at the earth’s surface.   

 

- Intrusion: A body of igneous rock that has forced its way into surrounding rock, often shown 
on maps with distinct outlines and colours.   

 

- Lithological boundary: A line on a geological map marking the contact between different 
rock types.   

 

- Map symbol: A standardised sign or notation used on geological maps to represent 
features such as faults, folds, and strike and dip.   

 

- Projection: The method of representing three-dimensional features of the earth’s surface 
on a two-dimensional map, which can sometimes cause distortions.   
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- Ring dyke: A circular igneous intrusion formed when magma rises through concentric 
fractures, often linked to volcanic centres.   

 

- Scale: The ratio between distances on a map and the actual distances on the ground, 
determining the level of detail shown.   

 

- Strike and dip: Symbols used on geological maps to indicate the orientation of rock layers; 
strike shows the direction of the line formed by the intersection of a rock surface with a 
horizontal plane, while dip shows the angle at which the rock surface inclines.   

 

- Structural map: A type of geological map that highlights geological structures such as 
folds, faults, and intrusions.   

 

- Syncline: A downward-curving fold in rock layers, with the youngest rocks found at the 
centre.   

 

- Topographic map: A map that shows elevation and landforms using contour lines, often 
used as a base for geological mapping.   

 

Concept Check Questions [Series 4] 

Objective Questions   

1. A specialised map that shows the distribution of rock units and structures is called a  map. 
(Linked to SLO 4.1)   

2. Which type of geological map highlights folds, faults, and intrusions? (Linked to SLO 4.2)   

3. The symbol used to show the orientation of rock layers is called strike and . (Linked to SLO 
4.3)   

4. A diagram that shows a vertical slice through the earth’s crust is called a geological . 
(Linked to SLO 4.5)   

5. The San Andreas Fault Zone is a classic example of a  boundary. (Linked to SLO 4.9)   

 

Short-Answer Questions   

6. Define a geological map and explain its purpose. (Linked to SLO 4.1)   

7. List three types of geological maps and describe the focus of each. (Linked to SLO 4.2)   

8. How are faults typically represented on geological maps? (Linked to SLO 4.3)   
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9. What are lithological boundaries, and why can they be ambiguous? (Linked to SLO 4.6)   

10. Give one example of a ring dyke and explain its geological significance. (Linked to SLO 
4.9)   

 

Long-Answer Questions   

11. Analyse the importance of constructing geological cross-sections in map interpretation. 
(Linked to SLO 4.5)   

12. Evaluate the applications of geological maps in resource exploration and hazard 
assessment, using case studies to support your answer. (Linked to SLO 4.7, SLO 4.8, SLO 
4.9)   

 

Answers to Concept Check Questions [Series 4] 

Objective Questions   

1. Geological map   

2. Structural map   

3. Dip   

4. Cross-section   

5. Transform   

 

Short-Answer Questions   

6. A geological map is a specialised map that represents the distribution, nature, and age of 
rock units and geological structures. Its purpose is to communicate complex geological 
information in a visual format for research, exploration, and hazard assessment.   

7. Topographic maps (show elevation and landforms), structural maps (highlight folds, 
faults, and intrusions), lithological maps (focus on rock types and their distribution).   

8. Faults are typically represented by thick lines, sometimes with arrows indicating the 
direction of movement.   

9. Lithological boundaries mark the contacts between different rock types. They can be 
ambiguous because boundaries may be gradational, obscured by weathering, or poorly 
defined on the surface.   

10. The Loch Bà Ring Dyke in Scotland is an example. It is significant because it records 
magmatic intrusion and provides insights into volcanic and tectonic processes.   

 

Long-Answer Questions   
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11.   

- Basic response: Geological cross-sections are important because they show a vertical 
slice through the crust, helping geologists visualise the three-dimensional arrangement of 
rock units and structures. They aid in understanding subsurface geology and predicting the 
continuation of features at depth.   

- Value-added response: Beyond basic interpretation, cross-sections are crucial in 
exploration planning, hazard assessment, and teaching. They integrate map data with field 
observations and geophysical evidence, allowing geologists to model tectonic evolution and 
resource distribution more accurately.   

 

12.   

- Basic response: Geological maps are applied in resource exploration by identifying 
structures such as anticlines that act as hydrocarbon traps and shear zones that host 
mineralisation. They are also used in hazard assessment by locating faults, folds, and 
volcanic intrusions linked to earthquakes, landslides, and eruptions.   

- Value-added response: Case studies illustrate these applications. In the Niger Delta Basin, 
geological maps reveal faults and folds controlling hydrocarbon traps. In California, the San 
Andreas Fault Zone highlights seismic hazards at transform boundaries. In Scotland, the 
Loch Bà Ring Dyke demonstrates magmatic intrusion and volcanic hazards. These examples 
show how geological maps integrate scientific knowledge with practical decision-making in 
exploration, engineering, and disaster preparedness.   

 

Answers to Pilot Questions [Series 4] 

Part 4.1 Fundamentals of Geological Maps   

1. A geological map is a specialised map that represents the distribution, nature, and age of 
rock units and geological structures.   

2. Topographic, structural, and lithological maps.   

3. Structural map.   

4. Colours represent different rock units.   

5. Faults are typically represented by thick lines, sometimes with arrows indicating 
movement.   

 

Part 4.2 Techniques in Geological Map Study   

1. Map symbols communicate geological information clearly and consistently.   
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2. Faults and folds (intrusions may also be included).   

3. Geological cross-section.   

4. Faults are shown as thick lines, often with arrows to indicate displacement.   

5. Cross-sections are important because they help visualise the three-dimensional 
arrangement of rock units and structures.   

 

Part 4.3 Common Problems in Geological Map Interpretation   

1. Misidentification of structures, such as mistaking a fold for a fault.   

2. Scale determines the level of detail shown, and misinterpretation can occur if scale 
differences are not considered.   

3. Lithological boundaries are lines marking contacts between different rock types.   

4. Cross-checking with field data and constructing cross-sections.   

5. Projection issues can distort shapes and distances, making interpretation difficult.   

 

Part 4.4 Applications and Case Studies   

1. Geological maps are important in resource exploration because they reveal structures 
and rock types that may host hydrocarbons, minerals, or groundwater.   

2. Faults.   

3. Loch Bà Ring Dyke in Scotland, significant for recording magmatic intrusion and crustal 
extension.   

4. San Andreas Fault Zone in California.   

5. Geological maps contribute to disaster preparedness by identifying hazards such as 
earthquakes, landslides, and volcanic activity.   

 

References and Attributions [Series 4] 

This section compiles all references and illustration attributions used or suggested in Series 
4: Geological Map Study, Problems, and Interpretation. The referencing style applied here 
follows APA guidelines for clarity and consistency.   
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- Fossen, H. (2016). Structural Geology. Cambridge University Press.   

- Davis, G. H., Reynolds, S. J., & Kluth, C. F. (2011). Structural Geology of Rocks and Regions 
(3rd ed.). Wiley.   
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- US Geological Survey (USGS). (n.d.). Geological mapping resources. Retrieved from 
https://www.usgs.gov   

- Open Educational Resources (OER) Commons. (n.d.). Geology resources. Retrieved from 
https://www.oercommons.org   

 

Illustration Attributions   

 

- Figure 4.1 Example of a geological map   

  AI-generated prompt: “Generate a simplified geological map showing coloured rock units 
and fault lines.”   

  Suggested OER source: “OER geology geological map example diagram.”   

 

- Plate 4.1 Types of geological maps   

  AI-generated prompt: “Generate an educational illustration showing three types of 
geological maps: topographic, structural, and lithological side by side.”   

  Suggested OER source: “OER geology types of geological maps image.”   

 

- Box 4.1 Common symbols and colours in geological maps   

  AI-generated prompt: “Create a box listing common geological map symbols and colours: 
igneous rocks (pink/red), sedimentary rocks (blue/green), metamorphic rocks 
(purple/brown), faults (thick lines), folds (curves), strike/dip (notations).”   

  Suggested OER source: “OER geology geological map symbols and colours.”   

 

- Figure 4.2 Common geological map symbols   

  AI-generated prompt: “Generate a diagram showing common geological map symbols 
including strike and dip, fault lines, and fold axes.”   

  Suggested OER source: “OER geology geological map symbols diagram.”   

 

- Plate 4.2 Geological structures represented on maps   

  AI-generated prompt: “Generate an educational illustration showing a geological map with 
faults, folds, and intrusions highlighted.”   

  Suggested OER source: “OER geology geological structures on maps image.”   

 

- Figure 4.3 Geological cross-section derived from a map   
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  AI-generated prompt: “Generate a diagram showing a geological cross-section derived 
from a map, with rock layers and faults illustrated.”   

  Suggested OER source: “OER geology geological cross-section diagram.”   

 

- Figure 4.4 Example of misidentification of structures   

  AI-generated prompt: “Generate a diagram showing a geological map where a fold could 
be misinterpreted as a fault.”   

  Suggested OER source: “OER geology misidentification of structures diagram.”   

 

- Plate 4.3 Comparison of large-scale and small-scale maps   

  AI-generated prompt: “Generate an educational illustration comparing large-scale and 
small-scale geological maps side by side.”   

  Suggested OER source: “OER geology map scale comparison image.”   

 

- Figure 4.5 Ambiguities in lithological boundaries   

  AI-generated prompt: “Generate a diagram showing clear versus ambiguous lithological 
boundaries on a geological map.”   

  Suggested OER source: “OER geology lithological boundaries diagram.”   

 

- Box 4.2 Strategies for resolving geological map interpretation problems   

  AI-generated prompt: “Create a box listing strategies for resolving geological map 
interpretation problems: field data, cross-sections, map scales, satellite imagery.”   

  Suggested OER source: “OER geology map interpretation strategies.”   

 

- Figure 4.6 Anticline as a hydrocarbon trap   

  AI-generated prompt: “Generate a diagram showing an anticline structure acting as a 
hydrocarbon trap.”   

  Suggested OER source: “OER geology anticline hydrocarbon trap diagram.”   

 

- Plate 4.4 Geological maps and hazard assessment   

  AI-generated prompt: “Generate an educational illustration showing tectonic hazards such 
as earthquakes, landslides, and volcanic eruptions linked to geological features.”   

  Suggested OER source: “OER geology hazard assessment maps image.”   
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- Box 4.3 Selected case studies in geological map interpretation   

  AI-generated prompt: “Create a box listing selected case studies in geological map 
interpretation: Niger Delta Basin, San Andreas Fault Zone, Loch Bà Ring Dyke.”   

  Suggested OER source: “OER geology case studies map interpretation.”   

 

 

Course code: GEY 313 

Course title: Structural Geology  

Units: 3 Units 

List of series  

Series 1: Fundamentals of Rock Dynamics and Stress-Strain Relationships   

Series 2: Faults, Folds, Shears, and Ring Dykes   

Series 3: Introduction to Crustal Tectonics and Deformational Structures   

Series 4: Geological Map Study, Problems, and Interpretation   

Series 5: Stereographic Projection and Structural Mapping Practice   

 

5.1 Fundamentals of stereographic projection   

- 5.1.1 Definition and purpose of stereographic projection   

- 5.1.2 Principles of plotting planes and lines   

- 5.1.3 Uses of stereographic projection in structural geology   

 

5.2 Techniques of stereographic projection   

- 5.2.1 Plotting strike and dip data   

- 5.2.2 Representing folds, faults, and lineations   

- 5.2.3 Constructing great circles and poles   

 

5.3 Structural mapping practice   

- 5.3.1 Field data collection methods   
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- 5.3.2 Plotting geological structures on maps   

- 5.3.3 Integrating stereographic projection with structural maps   

 

5.4 Applications and case studies   

- 5.4.1 Use of stereographic projection in resource exploration   

- 5.4.2 Hazard assessment through structural mapping   

- 5.4.3 Selected case studies demonstrating combined techniques 

 

Introduction 

In the last Series, we explored geological maps, their interpretation, and practical 
applications in resource exploration and hazard assessment. Building on that foundation, 
this Series introduces you to stereographic projection, a powerful tool for visualizing three-
dimensional geological data, and structural mapping practice, which applies these 
techniques to real-world geological problems. These skills are central to structural geology, 
enabling geologists to analyze orientations of planes and lines, represent complex 
structures, and integrate field data into meaningful interpretations.   

The aim of this Series is to equip you with the ability to use stereographic projection 
effectively and to apply structural mapping techniques in both academic and practical 
contexts. By the end of the Series, you should be able to plot geological data, interpret 
structures, and connect stereographic methods with mapping practice for exploration and 
hazard assessment.   

We shall commence this Series by examining the fundamentals of stereographic projection, 
including its definition, purpose, and principles. Next, we will move on to techniques of 
stereographic projection, where you will learn how to plot strike and dip data, represent 
folds and faults, and construct great circles and poles. Following that, we will continue with 
structural mapping practice, focusing on field data collection, plotting geological 
structures, and integrating stereographic projection with maps. Finally, we will wrap up with 
applications and case studies, highlighting how these methods are used in resource 
exploration, hazard assessment, and selected global examples. 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to:   

- SLO 4.1 define the purpose of geological maps and explain their role in representing 
geological information,   
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- SLO 4.2 identify the types of geological maps and describe the conventions used in their 
preparation,   

- SLO 4.3 demonstrate how to read and interpret geological map symbols accurately,   

- SLO 4.4 analyse geological structures such as faults, folds, and intrusions as represented 
on maps,   

- SLO 4.5 construct simple geological cross-sections to visualise three-dimensional 
relationships,   

- SLO 4.6 evaluate common problems encountered in geological map interpretation and 
propose strategies for resolving them,   

- SLO 4.7 apply geological map analysis to scenarios in resource exploration,   

- SLO 4.8 assess the use of geological maps in hazard identification and risk assessment, 
and   

- SLO 4.9 interpret selected case studies to illustrate practical applications of geological 
map analysis and interpretation.   

 

5.1 Fundamentals of Stereographic Projection 

5.1.1 Definition and purpose of stereographic projection 

A stereographic projection is a method used in structural geology to represent three-
dimensional orientations of planes and lines on a two-dimensional surface. It involves 
projecting points from a sphere onto a plane, allowing geologists to visualise and analyse 
the orientation of geological features such as bedding planes, faults, and fold axes. The 
purpose of stereographic projection is to simplify complex spatial data, making it easier to 
interpret and compare structural relationships.   

 

Fill in the blank: A stereographic projection is a method used to represent three-dimensional 
orientations on a  surface.   
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Figure 5.1 Principle of stereographic projection. 

 

5.1.2 Principles of plotting planes and lines 

In stereographic projection, planes are represented by great circles, while lines are 
represented by points (called poles). A great circle is the largest possible circle that can be 
drawn on a sphere, and it represents the orientation of a plane. A pole is a point that 
represents the orientation of a line perpendicular to the plane.   

By plotting planes and lines in this way, geologists can analyse the relationships between 
different structures, such as the intersection of faults or the orientation of fold axes.   

 

Fill in the blank: In stereographic projection, planes are represented by great circles, while 
lines are represented by .   
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Figure 5.2 Representation of planes and lines on a stereonet. 

 

5.1.3 Uses of stereographic projection in structural geology 

Stereographic projection is widely used in structural geology for several purposes:   

- To determine the orientation of geological features such as bedding planes, faults, and fold 
axes.   

- To analyse the angular relationships between planes and lines.   

- To visualise the geometry of structures in three dimensions.   

- To assist in resource exploration and hazard assessment by predicting subsurface 
orientations.   

This technique provides a powerful way to integrate field data into meaningful 
interpretations and is a cornerstone of structural mapping practice.   
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Fill in the blank: The point representing the orientation of a line perpendicular to a plane in 
stereographic projection is called a _______.   

 

Key Uses of Stereographic Projection 

Application Description Geological Importance 

Orientation 
Analysis 

Plotting the strike and dip of 
planes or the trend and plunge of 
lines. 

Identifying "sets" of joints or fractures 
that share a common origin. 

Angular 
Relationships 

Measuring the precise angle 
between two planes or a line and 
a plane. 

Calculating the inter-limb angle of a fold 
to determine if it is "open" or "tight." 

3D Visualisation 
Converting 2D map data into a 
clear 3D structural model. 

Helping geologists "see" the tilt of the 
earth's crust without needing a physical 
model. 

Resource 
Exploration 

Analyzing fracture networks for 
fluid flow or mineral deposition. 

Predicting where oil, water, or gold might 
be trapped based on structural 
intersections. 

 

Box 5.1 Uses of stereographic projection in structural geology 

 

Pilot questions 5.1 

1. What is stereographic projection?   

2. How are planes represented in stereographic projection?   

3. What is a pole in stereographic projection?   

4. Name two uses of stereographic projection in structural geology.   

5. Why is stereographic projection important for structural mapping practice?   

 

5.2 Techniques in Stereographic Projection 

5.2.1 Plotting strike and dip data 

In stereographic projection, strike and dip measurements are the foundation of plotting 
geological features. The strike is the compass direction of the line formed by the intersection 
of a rock surface with a horizontal plane, while the dip is the angle at which the rock surface 
inclines relative to the horizontal. To plot strike and dip data on a stereonet, the strike is 
aligned with the reference grid, and the dip is projected as a point or pole. This process 
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allows geologists to visualise the orientation of rock layers in two dimensions while retaining 
their three-dimensional meaning.   

 

Fill in the blank: The compass direction of the line formed by the intersection of a rock 
surface with a horizontal plane is called the _______.   

 

   

Figure 5.3 Plotting strike and dip data on a stereonet. 

5.2.2 Representing folds, faults, and lineations 

Stereographic projection is particularly useful for representing geological structures such 
as folds, faults, and lineations. Folds are shown by plotting the orientations of their axial 
planes and fold axes. Faults are represented by plotting their planes and slip directions. 
Lineations, such as mineral alignment or stretching directions, are plotted as points that 
indicate their orientation. By representing these features on a stereonet, geologists can 
analyse their relationships and reconstruct tectonic histories.   

 

Fill in the blank: On a stereonet, faults are represented by plotting their planes and ___ 
directions.   
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Plate 5.1 Representation of folds, faults, and lineations on a stereonet. 

5.2.3 Constructing great circles and poles 

A great circle represents the orientation of a plane, while a pole represents the orientation 
of a line perpendicular to that plane. Constructing great circles and poles is central to 
stereographic projection. To plot a great circle, the strike and dip of a plane are used to trace 
its orientation across the stereonet. The pole is then plotted at 90 degrees to the dip 
direction, providing a simplified representation of the plane’s orientation. This dual 
representation helps geologists analyze intersections, angular relationships, and structural 
patterns.   

 

Fill in the blank: A great circle on a stereonet represents the orientation of a .   
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Figure 5.4 Great circles and poles plotted on a stereonet. 

 

Pilot questions 5.2 

1. What is the difference between strike and dip?   

2. How are folds represented on a stereonet?   

3. What does a great circle represent in stereographic projection?   

4. What does a pole represent in stereographic projection?   

5. Why is stereographic projection useful for analysing faults and lineations?   

 

5.3 Structural Mapping Practice 

5.3.1 Field data collection methods 

Structural mapping begins with careful field data collection, where geologists record the 
orientation of rock layers, faults, folds, and lineations directly in the field. Using a compass-
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clinometer, they measure strike and dip, note structural features, and sketch observations 
in field notebooks. These measurements form the foundation for stereographic projection 
and map interpretation. Accuracy in data collection is crucial, as errors at this stage can 
lead to misinterpretation later.   

 

Fill in the blank: The instrument commonly used to measure strike and dip in the field is a 
compass ________ .   

 

 
 Plate 5.2 Field data collection using a compass-clinometer. 

 

5.3.2 Plotting geological structures on maps 

Once field data are collected, they are plotted on geological maps to represent the 
orientation and distribution of structures. Strike and dip symbols are used to show bedding 
planes, while faults and folds are drawn with standard conventions. This plotting process 
transforms raw measurements into a visual representation that can be analysed and 
compared with stereographic projections.   

 

Fill in the blank: Strike and dip symbols are used on geological maps to represent the 
orientation of  planes.   



 

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

 

 
Figure 5.5 Plotting geological structures on maps. 

 

5.3.3 Integrating stereographic projection with structural maps 

The true strength of structural mapping lies in integrating stereographic projection with 
geological maps. By plotting field data on stereonets, geologists can analyse orientations 
and relationships in three dimensions, then transfer these insights back onto maps. This 
integration allows for more accurate interpretations of subsurface structures, supports 
exploration activities, and enhances hazard assessment.   

 

Fill in the blank: Integrating stereographic projection with geological maps allows geologists 
to analyse structures in _____ dimensions.   

 

Benefits of Integrating Stereographic Projection with Structural Maps 

Benefit How it Works Real-World Value 
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Increased Accuracy 

Statistical averaging of multiple 
field measurements on a 
stereonet. 

Filters out "noise" from local bedding 
irregularities to find the true regional 
trend. 

Comprehensive 3D 
Analysis 

Linking map outcrop patterns 
with the plunge/dip data on a net. 

Allows for the creation of precise, 
balanced cross-sections that don't 
"break" geometrically. 

Strategic 
Exploration 
Planning 

Identifying intersections of 
mineralized veins or fluid-
bearing fractures. 

Pinpoints high-probability drill 
targets where two structural features 
meet at depth. 

Enhanced Hazard 
Assessment 

Analyzing "daylighting" planes on 
slopes (where dip is steeper than 
the hill). 

Predicts potential rockfall or 
landslide zones along highway cuts 
and mountain passes. 

 

Caption: Box 5.2 Benefits of integrating stereographic projection with structural maps. 

 

Pilot questions 5.3 

1. What instrument is used to measure strike and dip in the field?   

2. How are bedding planes represented on geological maps?   

3. Why is accuracy important in field data collection?   

4. What is the benefit of integrating stereographic projection with structural maps?   

5. How does plotting field data on maps support geological interpretation?   

 

5.4 Applications and Case Studies 

5.4.1 Use of stereographic projection in resource exploration 

Stereographic projection is widely applied in resource exploration because it helps 
geologists understand the orientation of rock structures that may host valuable resources. 
For example, mineral veins often follow specific structural trends, and stereonets can reveal 
the preferred orientation of these veins. Similarly, hydrocarbon reservoirs are frequently 
associated with folded or faulted structures, which can be analysed using stereographic 
techniques. By plotting and interpreting field data, geologists can identify promising 
exploration targets and reduce uncertainty in drilling or mining operations.   

 

Fill in the blank: Mineral veins often follow specific structural _______, which can be revealed 
using stereographic projection.   
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Figure 5.6 Stereographic projection applied to resource exploration. 

 

5.4.2 Hazard assessment through structural mapping 

Structural mapping combined with stereographic projection is also essential in hazard 
assessment. Fault orientations can indicate zones of seismic risk, while slope stability can 
be evaluated by comparing bedding planes with topographic surfaces. In volcanic regions, 
stereographic projection helps to analyse fracture systems that may control magma 
movement. These applications allow geologists to provide critical advice for safe land use, 
engineering projects, and disaster preparedness.   

 

Fill in the blank: Comparing bedding planes with topographic surfaces using stereographic 
projection helps assess slope ______.   
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Plate 5.3 Hazard assessment using stereographic projection. 

 

5.4.3 Selected case studies demonstrating combined techniques 

Several case studies illustrate the practical applications of stereographic projection and 
structural mapping. In the Niger Delta Basin, stereographic analysis of faults and folds has 
guided hydrocarbon exploration. In the Alps, stereonets have been used to study complex 
fold and thrust belts, improving understanding of tectonic evolution. In California’s San 
Andreas Fault Zone, stereographic projection has been applied to fault plane solutions, 
aiding seismic hazard assessment. These examples show how stereographic projection and 
structural mapping are integrated into both scientific research and practical problem-
solving.   

 

Fill in the blank: The San Andreas Fault Zone in California is often studied using 
stereographic projection to aid ______ hazard assessment.   

 

Case Studies: Stereographic Projection & Structural Mapping 

Case Study Geological Focus Key Application 

Niger Delta 
Basin 

Growth Faults & Rollover 
Anticlines 

Predicting hydrocarbon traps by identifying 
structural closures. 
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The Alps 
(Europe) 

Complex Folding & 
Thrust Faulting 

Unraveling deep crustal structures and nappe 
tectonics through orientation data. 

San Andreas 
Fault 

Strike-Slip Faults & 
Crustal Stress 

Assessing 

 

 Box 5.3 Selected case studies in stereographic projection and structural mapping. 

 

Pilot questions 5.4 

1. Why is stereographic projection useful in resource exploration?   

2. How can stereographic projection help assess slope stability?   

3. Name one case study where stereographic projection has been applied to hydrocarbon 
exploration.   

4. Which fault zone in California is often studied using stereographic projection?   

5. How do case studies demonstrate the integration of stereographic projection with 
structural mapping?   

 

Series Summary 

This Series has introduced you to stereographic projection and structural mapping, two 
essential techniques in structural geology that allow complex three-dimensional data to be 
represented and interpreted on two-dimensional surfaces. The purpose has been to equip 
you with practical skills for plotting geological measurements, visualising structures, and 
applying these methods to exploration and hazard assessment, thereby strengthening your 
ability to connect field observations with analytical tools.   

We began by examining the fundamentals of stereographic projection, including its 
definition, purpose, and the principles of plotting planes and lines. We then moved on to 
techniques such as plotting strike and dip data, representing folds, faults, and lineations, 
and constructing great circles and poles. Following that, we explored structural mapping 
practice, focusing on field data collection, plotting geological structures on maps, and 
integrating stereographic projection with mapping. Finally, we considered applications and 
case studies, showing how these methods are used in resource exploration, hazard 
assessment, and global examples. By completing this Series, you should now be able to 
define stereographic projection, demonstrate plotting techniques, apply structural mapping 
methods, and evaluate practical applications, thereby achieving the Series Learning 
Outcomes. 
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Glossary of Terms 

- Axial plane: The imaginary plane that divides a fold into two roughly symmetrical halves.   

 

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

 

- Dip: The angle at which a rock surface inclines relative to the horizontal, measured 
downward from the strike line.   

 

- Fault: A fracture in the earth’s crust along which movement has occurred, often 
represented on maps and stereonets by planes and slip directions.   

 

- Fold: A bend or curve in rock layers caused by compressional forces, commonly 
represented by axial planes and fold axes.   

 

- Great circle: The largest possible circle that can be drawn on a sphere, used in 
stereographic projection to represent the orientation of a plane.   

 

- Lineation: A linear feature within rocks, such as mineral alignment or stretching direction, 
plotted as points on a stereonet.   

 

- Plane: A flat geological surface, such as a bedding plane or fault surface, represented in 
stereographic projection by a great circle.   

 

- Pole: A point on a stereonet that represents the orientation of a line perpendicular to a 
plane.   

 

- Slip direction: The direction of movement along a fault plane, often plotted in stereographic 
projection.   

 

- Stereographic projection: A method used in structural geology to represent three-
dimensional orientations of planes and lines on a two-dimensional surface.   

 

- Stereonet: A circular grid used in stereographic projection to plot and analyse geological 
data such as planes and lines.   
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- Strike: The compass direction of the line formed by the intersection of a rock surface with 
a horizontal plane.   

 

- Structural mapping: The process of recording and plotting geological structures such as 
faults, folds, and bedding planes on maps, often integrated with stereographic projection.   

 

Concept Check Questions [Series 5] 

Objective Questions   

1. A stereographic projection represents three-dimensional orientations on a  surface. 
(Linked to SLO 5.1)   

2. In stereographic projection, planes are represented by  circles. (Linked to SLO 5.2)   

3. The point representing the orientation of a line perpendicular to a plane is called a . (Linked 
to SLO 5.2)   

4. The instrument commonly used to measure strike and dip in the field is a compass-. 
(Linked to SLO 5.3)   

5. The San Andreas Fault Zone is often studied using stereographic projection to aid  hazard 
assessment. (Linked to SLO 5.4)   

 

Short-Answer Questions   

6. Define stereographic projection and explain its purpose in structural geology. (Linked to 
SLO 5.1)   

7. Describe how strike and dip data are plotted on a stereonet. (Linked to SLO 5.2)   

8. How are folds represented in stereographic projection? (Linked to SLO 5.2)   

9. Why is accuracy important in field data collection for structural mapping? (Linked to SLO 
5.3)   

10. Give one example of how stereographic projection is applied in hazard assessment. 
(Linked to SLO 5.4)   

 

Long-Answer Questions   

11. Analyse the importance of integrating stereographic projection with structural mapping 
practice. (Linked to SLO 5.3)   

12. Evaluate the applications of stereographic projection in both resource exploration and 
hazard assessment, using case studies to support your answer. (Linked to SLO 5.4)   
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--- 

 

Answers to Concept Check Questions [Series 5] 

 

Objective Questions   

1. Two-dimensional   

2. Great   

3. Pole   

4. Clinometer   

5. Seismic   

 

Short-Answer Questions   

6. Stereographic projection is a method used to represent three-dimensional orientations of 
planes and lines on a two-dimensional surface. Its purpose is to simplify complex spatial 
data for analysis and interpretation.   

7. Strike is aligned with the reference grid of the stereonet, and the dip is projected as a point 
or pole to represent the orientation of the rock layer.   

8. Folds are represented by plotting the orientations of their axial planes and fold axes on 
the stereonet.   

9. Accuracy is important because errors in field measurements can lead to incorrect plotting 
and misinterpretation of geological structures.   

10. Slope stability assessment, where bedding planes are compared with topographic 
surfaces to evaluate landslide risk.   

 

Long-Answer Questions   

11.   

- Basic response: Integrating stereographic projection with structural mapping allows 
geologists to analyse orientations in three dimensions and transfer these insights onto 
maps. This improves the accuracy of geological interpretations.   

- Value-added response: Beyond basic analysis, integration supports exploration planning, 
hazard assessment, and tectonic modelling. It enables geologists to combine field data with 
analytical tools, enhancing predictive models and supporting engineering and 
environmental decision-making.   
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12.   

- Basic response: In resource exploration, stereographic projection helps identify 
orientations of mineral veins and hydrocarbon traps. In hazard assessment, it is used to 
evaluate fault orientations and slope stability.   

- Value-added response: Case studies illustrate these applications. In the Niger Delta Basin, 
stereographic projection has guided hydrocarbon exploration by analysing fault and fold 
orientations. In the Alps, stereonets have been used to study fold and thrust belts. In 
California’s San Andreas Fault Zone, stereographic projection has been applied to fault 
plane solutions, aiding seismic hazard assessment. These examples show how 
stereographic projection integrates scientific knowledge with practical applications in 
exploration and risk management.   

 

Answers to Pilot Questions [Series 5] 

 

Part 5.1 Fundamentals of Stereographic Projection   

1. A method used to represent three-dimensional orientations of planes and lines on a two-
dimensional surface.   

2. Great circles.   

3. A pole.   

4. To determine orientations, analyse angular relationships, visualise structures, and 
support exploration.   

5. It is important because it simplifies complex spatial data and supports structural mapping 
practice.   

 

Part 5.2 Techniques in Stereographic Projection   

1. Strike is the compass direction of a rock surface, while dip is the angle of inclination 
relative to the horizontal.   

2. By plotting their axial planes and fold axes.   

3. The orientation of a plane.   

4. The orientation of a line perpendicular to a plane.   

5. It allows geologists to analyse orientations and relationships of faults and lineations in 
three dimensions.   
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Part 5.3 Structural Mapping Practice   

1. A compass-clinometer.   

2. Bedding planes.   

3. Because errors in field measurements can lead to incorrect plotting and misinterpretation 
of structures.   

4. It enables three-dimensional analysis and improves accuracy in geological 
interpretation.   

5. It transforms raw measurements into visual representations that support structural 
analysis.   

 

Part 5.4 Applications and Case Studies   

1. It helps identify orientations of mineral veins and hydrocarbon traps.   

2. By comparing bedding planes with topographic surfaces.   

3. Niger Delta Basin.   

4. San Andreas Fault Zone.   

5. They show how stereographic projection and structural mapping are integrated into 
exploration and hazard assessment.   

 

References and Attributions [Series 5] 

This section compiles all references and illustration attributions used or suggested in Series 
5: Stereographic Projection and Structural Mapping. The referencing style applied here 
follows APA guidelines for clarity and consistency.   

 

General References   

- Fossen, H. (2016). Structural Geology. Cambridge University Press.   

- Davis, G. H., Reynolds, S. J., & Kluth, C. F. (2011). Structural Geology of Rocks and Regions 
(3rd ed.). Wiley.   

- US Geological Survey (USGS). (n.d.). Geological mapping and stereonet resources. 
Retrieved from https://www.usgs.gov   

- Open Educational Resources (OER) Commons. (n.d.). Geology and structural geology 
resources. Retrieved from https://www.oercommons.org   
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Illustration Attributions   

 

- Figure 5.1 Principle of stereographic projection   

  - AI-generated prompt: “Generate a diagram showing stereographic projection from a 
sphere onto a plane, with points projected to represent orientations.”   

  - Suggested OER source: “OER geology stereographic projection principle diagram.”   

 

- Figure 5.2 Representation of planes and lines on a stereonet   

  - AI-generated prompt: “Generate a stereonet diagram showing great circles for planes and 
points for lines.”   

  - Suggested OER source: “OER geology stereonet planes and lines diagram.”   

 

- Box 5.1 Uses of stereographic projection in structural geology   

  - AI-generated prompt: “Create a box listing uses of stereographic projection in structural 
geology: orientations, angular relationships, visualisation, exploration.”   

  - Suggested OER source: “OER geology stereographic projection applications.”   

 

- Figure 5.3 Plotting strike and dip data on a stereonet   

  - AI-generated prompt: “Generate a stereonet diagram showing strike and dip data plotted 
with great circles and poles.”   

  - Suggested OER source: “OER geology stereonet strike and dip plotting diagram.”   

 

- Plate 5.1 Representation of folds, faults, and lineations on a stereonet   

  - AI-generated prompt: “Generate an educational illustration showing stereonet plots of 
folds, faults, and lineations.”   

  - Suggested OER source: “OER geology stereonet folds faults lineations image.”   

 

- Figure 5.4 Great circles and poles on a stereonet   

  - AI-generated prompt: “Generate a stereonet diagram showing great circles for planes and 
poles for lines.”   

  - Suggested OER source: “OER geology stereonet great circles and poles diagram.”   

 

- Plate 5.2 Field data collection using a compass-clinometer   
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  - AI-generated prompt: “Generate an educational illustration showing a geologist using a 
compass-clinometer to measure strike and dip in the field.”   

  - Suggested OER source: “OER geology field data collection compass clinometer image.”   

 

- Figure 5.5 Plotting geological structures on maps   

  - AI-generated prompt: “Generate a diagram showing geological map symbols for strike and 
dip, faults, and folds.”   

  - Suggested OER source: “OER geology plotting geological structures map symbols 
diagram.”   

 

- Box 5.2 Benefits of integrating stereographic projection with structural maps   

  - AI-generated prompt: “Create a box listing benefits of integrating stereographic projection 
with structural maps: accuracy, 3D analysis, exploration planning, hazard assessment.”   

  - Suggested OER source: “OER geology stereographic projection structural mapping 
integration.”   

 

- Figure 5.6 Stereographic projection applied to resource exploration   

  - AI-generated prompt: “Generate a stereonet diagram showing orientations of mineral 
veins used in resource exploration.”   

  - Suggested OER source: “OER geology stereographic projection resource exploration 
diagram.”   

 

- Plate 5.3 Hazard assessment using stereographic projection   

  - AI-generated prompt: “Generate an educational illustration showing stereonet plots used 
to assess slope stability and fault orientations.”   

  - Suggested OER source: “OER geology stereographic projection hazard assessment 
image.”   

 

- Box 5.3 Selected case studies in stereographic projection and structural mapping   

  - AI-generated prompt: “Create a box listing selected case studies in stereographic 
projection and structural mapping: Niger Delta Basin, Alps, San Andreas Fault Zone.”   

  - Suggested OER source: “OER geology stereographic projection structural mapping case 
studies.”   
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