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Structural Geology 
By Thaha Rizal Ulhaque (HMG 2015) 

 

 

Structural geology is the study of the three-dimensional distribution of 

large bodies of rock, their surfaces, and the composition of their inside in 

order to try and learn about their tectonic history, past geological 

environments and events that could have changed or deformed them. 

 

Deformation 

Three are 3 types of deformation analysis:  

A) Geometry → describing the size, shapes, and orientation of bodies of 

rock as they are now. 

B) Kinematic → the study of the movement of the lithosphere - this includes 

measurements of  the rates of plate movement, amounts of fault slip, 

and the distortion of rocks that have  undergone ductile deformation 

C) Dynamics → measurement or estimation of the force or stress that has 

affected rocks. 

 

There are 4 types of deformation: 

A) Translation → Change in Position 
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B) Rotation → Change in Orientation 

C) Dilation → Change in Size 

D) Distortion → Change in Shape 

 

Stress and Strain 

 

▪ Stress is defined as force per unit area. It has the same units as pressure, 

and in fact pressure is one special variety of stress. However, stress is a 

much more complex quantity than pressure because it varies both with 

direction and with the surface it acts on. 

 

▪ Strain is defined as the amount of deformation an object experiences 

compared to its original size and shape. 

 

▪ Stress can happen without strain; Strain cannot happen without stress; 

Structure can happen because of strain. 
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There are 2 types of Stress which is Uniform and Non-uniform. The non-uniform 

stress is divided to 3 types which is Tension, Compression and Shear. 

A) Uniform Stress: the force applies equally on all sides of a body of rock 

B) Tension Stress: directed (non-uniform) stress that pulls rock apart in 

opposite directions. The tensional (also called extensional) forces pull 

away from each other. 

C) Compression Stress: directed (non-uniform) stress that pushes rocks 

together. The compressional forces push towards each other. 

D) Shear Stress: directed (non-uniform) stress that pushes one side of a 

body of rock in one direction, and the opposite side of the body of rock 

in the opposite direction. The shear forces  are pushing in opposite 

ways. 
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There are 3 types of strain: 

A) Elastic: reversible. Rock that has undergone only elastic strain will go 

back to its original  shape if the stress is released. 

B) Ductile: irreversible. Rock that has undergone ductile strain will remain 

deformed even if the stress stops. Another term for ductile strain is plastic 

deformation. 

C) Brittle: also called rupture or fracture. A rock that has ruptured has 

abruptly broken into  distinct pieces. If the pieces are offset—shifted in 

opposite directions from each other—the fracture is a fault. 

There are 4 Material behaviors that can affected on its strain, they are: 

Temperature, Confining Pressures, Strain Rate and Composition. 

 

Joint 

▪ Joint, defined as fractures in rock that show no slippage or offset along 

the fracture, usually planar features, so their orientation can be 

described as a strike and dip. 

▪ From its origin, joint can be divided to 3 types, which are: 

A) Tectonic: caused by regional stresses in the crust and tend to occur in 

systematic orientations over fairly broad areas. 

 

B) Columnar: igneous rock tends to break into polygonal columns due 

to stresses as the rock cools quickly and shrinks. 

 

C) Exfoliation: intrusive rocks that formed deep in the crust under 

pressure expand and fracture  when brought to the surface by uplift 

and erosion. 

 

▪ From the tectonic effect, joint can be divided to 3 types, which is: 

 

A) Tension Joint: developed due to the tensile forces acting on 

the rocks. 
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B) Shear Joint: commonly observed in the vicinity of fault planes and 

shear zones where the  relationship with shearing forces is clearly 

established. 

 

C) Compression Joint: rocks may be compressed to crushing and 

numerous joints may result  due to the compressive forces in this 

case. 

 

▪ From the Spatial Relationship, Joint can be divided into: 

 

A) Systematic Joint: show a distinct regularity in their occurrence which 

can be measured and  mapped easily. occur in parallel or sub-

parallel joint sets that are repeated in the rocks at regular intervals. 

 

B) Non-systematic Joint: these joints do not possess any regularity in their 

occurrence and  distribution. they appear at random in the rocks 

and may have incompletely defined surfaces. 

 

▪ From the Geometry, Joint can be divided into: 

 

A) Longitudinal Joint: parallel to fold axes and often fan around the fold.  

 

B) Cross Joint: perpendicular to fold axes. They are common and 

indicate axis-parallel extension.  

 

C) Diagonal Joint: occur in paired, conjugate sets oblique to the fold 

axes, more or less  symmetrically arranged with reference to the 

longitudinal and cross-joints.  

 

D) Strike Joint: parallel to the strike of fold axial planes, whereas cross-

strike joints cut across the axial plane. 

 

Fault 

▪ Fault occurs when brittle rocks fracture and there is an offset along the 

fracture. Fault is also a are planar features, the concept of strike and dip 

also applies, and thus the strike and dip of a fault plane can be 

measured. By its movement can be active, inactive, or reactivated. 
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▪ According of its movement, fault can be described to 3 types, which 

are: 

 

A) Strike-Slip Fault: where the motion is mostly horizontal. they are also 

sometimes called transurrent or wrench faults. There are two different 

types of strike-slip fault, which are really only different based on your 

perspective. If you stand on one side of the fault and see the other 

side move to the right, we call that a dextral, or a right-lateral strike-

slip fault. If you see it move to the left, we call it a sinistral, or left-

lateral strike-slip fault. 

 

B) Dip-Slip Fault: where the motion is mostly vertical. If the rock mass 

above an inclined fault  moves down, the fault is termed normal, 

whereas if the rock above the fault moves up, the fault is termed 

reverse. A thrust fault is a reverse fault with a dip of 45 degrees or less. 

 

C) Oblique-Slip Fault: where the motion is mostly neither dominantly 

horizontal nor vertical.  

 

▪ There are many signs that we can see on the field to recognize Fault, 

there are 3 signs to recognize fault: 

 
A) Fault Breccias: crumbled up rocks consisting of angular fragments 

that were formed as a result of grinding and crushing movement 

along a fault. 

 
B) Slickenside: scratch marks that are left on the fault plane as one 

block moves relative to the other. 
 

Geometry of Fault 
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C) Mylonite: along some fault rocks are sheared or drawn out by ductile 

deformation along the fault. the resulting rock is a fine-grained 

metamorphic rock show evidence of shear. 

 

Fold 

▪ Fold is a result from compressional stresses or shear stresses acting in a 

ductile manner. Fold Has strike and dip on both sides of its limbs so it can 

be measured.  

▪ There are so many types of Fault based on its geometry and Structure, 

which is: 
 

A) Anticline: folds where the rocks arch upward. On geological maps 

they show up as structures with older rocks in the middle and the 

younger rocks in the outside.  
 

B) Syncline: folds where the rocks bow downward. On geological maps 

they show up as structures with younger rocks in the middle and the 

older rocks in the outside.  
 

C) Overturned Fold: the folding is so intense that the strata on one limb 

of the fold becomes nearly upside down. 
 

D) Recumbent Fold: overturned fold with an axial plane that is nearly 

horizontal. 
 

E) Symmetrical Fold: the two limbs of the fold dip away from the axis 

with the same angle. 
 

F) Asymmetrical Fold: the two limbs dip at different angles. 

Geometry of Fold 
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G) Isoclinal Fold: the compressional stresses that cause the folding are 

intense, the fold can close up and have limbs that are parallel to 

each other. 
 

H) Chevron Fold: has no curvature in its hinge and straight-sided limbs 

that form a zigzag pattern. 
 

I) Monocline Fold: steps in otherwise horizontal or nearly horizontal 

rocks. often overlie faults, but the rocks merely sag over the fault 

offset instead of being broken. 
 

J) Homocline Fold: is not really a fold but a place where rocks slope or 

dip in the same direction over a large area and may be part of a 

larger structure. 

 

 

Plate Tectonics 

▪ Plate Tectonic is a scientific theory describing the large-scale motion of 

seven large plates and the movements of a larger number of smaller 

plates of the Earth's lithosphere, since tectonic processes began on Earth 

between 3 and 3.5 billion years ago.  

▪ The model builds on the concept of continental drift, an idea developed 

during the first decades of the 20th century. The geoscientific community 

accepted plate-tectonic theory after seafloor spreading was validated 

in the late 1950s and early 1960s. 

▪ There are three types of Boundaries, there are: 

A) Convergent: Occur where two plates slide toward each other to form 

either a subduction zone (one plate moving underneath the other) or 

a continental collision. 

 

B) Divergent: occur where two plates slide apart from each other. 

 

C) Transform : occur where two lithospheric plates slide, or perhaps more 

accurately, grind past each other along transform faults, where 

plates are neither created nor destroyed. 

 

https://en.wikipedia.org/wiki/Scientific_theory
https://en.wikipedia.org/wiki/Earth
https://en.wikipedia.org/wiki/Lithosphere
https://en.wikipedia.org/wiki/Continental_drift
https://en.wikipedia.org/wiki/Earth_science
https://en.wikipedia.org/wiki/Seafloor_spreading
https://en.wikipedia.org/wiki/Subduction
https://en.wikipedia.org/wiki/Continental_collision
https://en.wikipedia.org/wiki/Transform_fault
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▪ Wilson Cycle, the cyclical opening and closing of ocean basins caused 

by movement of the Earth's plates. The Wilson cycle begins with a rising 

plume of magma and the thinning of the overlying crust. As the crust 

continues to thin due to extensional tectonic forces, an ocean basin 

forms and sediments accumulate along its margins. Subsequently 

subduction is initiated on one of the ocean basin's margins and the 

ocean basin closes up. When the crust begins to thin again, another 

cycle begins.  
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