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Unit 4 

Structural Geology: Structures related to rocks, Dip, Strike and outcrops, Classification and 

detailed studies of geological structures i.e. folds, Faults, Joints, Unconformity and their 

importance in Civil Engineering. 

 

IMPORTANCE OF STRUCTURAL GEOLOGY  

As a a h of geolog , it deals ith the stud  of st u tu es fou d i  o ks . It is also k o  
as tectonic geology or simply tectonics. Structural geology is an arrangement of rocks and 

plays an important role in civil engineering in the selection of suitable sites for all types of 

projects such as dams, tunnels, multistoried buildings, etc. Structural geology is the study of 

the three dimensional distribution of rock units with respect to their deformational histories. 

The primary goal of structural geology is to use measurements of present-day rock 

geometries to uncover information about the history of deformation (strain) in the rocks, and 

ultimately, to understand the stress field that resulted in the observed strain and geometries. 

 

STRUCTURAL FEATURES: 

a)  Out crop -: The rock exposure on the surface of the earth.Outcrops allow direct 

observation and sampling of the bedrock in situ for geologic analysis and creating 

geologic maps. In situ measurements are critical for proper analysis 

of geological history and outcrops are therefore extremely important for 

understanding the geologic time scale of earth history. 

b)  Strike-: The trend of the rock bed on the ground surface is strike. Strike, in geology, 

direction of the line formed by the intersection of a fault, bed, or other planar feature 

and a horizontal plane. Strike indicates the attitude or position of linear structural 

features such as faults, beds, joints, and folds. 

c) Dip-: The angle of inclination of a rock bed with the horizontal plane is called dip. It 

measured in a plane perpendicular to the stripe line. 

There are two types of dip. 

a) True dip 

b) Apparent dip. 

TRUE DIP: 

It is a perpendicular plane to the strike line. 

APPARENT DIP: 

It is a dip measured in any other direction than the true dip is called apparent dip. 

 
Diagram showing Dip and Strike 

 

Fold 

Fold may be defined as the curve or zigzag structure shown by rock beds. In other words 
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Wavy undulation in rock beds are called folds. 

Or 

A geological fold occurs when one or a stack of originally flat and planar surfaces, such as 

sedimentary strata, are bent or curved as a result of permanent deformation. 

Synsedimentary folds are those due to slumping of sedimentary material before it is lithified. 

 

 

 
 

Anticlinal fold 

COMPONENTS OF FOLDING: 

a) Limbs 

b) Axial plane 

c) Axis of folds 

d) Crest 

e) Trough 

 

1. LIMBS; 

The sloping sides of a folds from crest to trough are called the limbs. An individual fold will 

have a minimum of two limbs. 

2. AXIAL PLANE 

It is an imaginary plane or a surface which divides a fold into two equal halves. 

3. AXIS OF FOLDS 

An axis of fold is defined as the line of intersection between the axial plane and the surface of 

any of the constituent rocks bed. 

4. HINGE LINE 

Crest is the location where the curvature is greatest, and the limbs are the sides of the fold 

that dip away from the hinge. 
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Fold Terminology 

 

 

CLASSIFICATION: 

1. Basic classification 

2. Detailed classification 

 

BASIC CLASSIFICATION 

a. Syncline 

b. Anticline. 

 

Anticlines are folds in which each half of the fold dips away from the crest.  

Synclines are folds in which each half of the fold dips toward the trough of the fold.  

The difference can remember by noting that anticlines fo  a  A  shape, a d synclines form 

the otto  of a  “.  
or 

An anticline is a fold that arches up as both sides of the rock are pushed inward. You can 

remember that the anticline creates this type of fold because the arch looks like an 'A' (for 

anticline). 

A syncline is a fold that sinks down as both sides of the rock are pushed inward. You can 

remember that a syncline creates this type of fold because the fold 'sinks' downward, which 

sounds like 'syncline.' 

 
Anticline and Syncline fold 

Syncline and Anticline 

 
                             Syncline      Anticline  

 

DETAILED CLASSIFICATION 
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1. BASED ON THE POSITION OF AXIAL PLANE: 

a. Symmetrical fold 

b. Asymmetrical fold 

c. Overturned fold 

d. Recumbent fold 

e. Isoclinal fold 

2. BASED ON DGREE OF COMPRESSION: 

a. Open folds 

b. Closed folds 

3. BASED ON MODE OF ORIGIN: 

a. Basin 

c. Dome 

d. Axticlinorium 

e. Synclinorium 

e. Geosyndinorium 

f. Geoaclinorium 

 

Folds are created in rock when they experience compressional stress. This is when the rock is 

being pushed inward from both sides. This is like if you put a spring between your hands and 

push them together. As you push, you're compressing the spring, and rock can be compressed 

in the same way over long periods of time. There are different types of folds created by 

compressional stress depending on which way the rock bends. 

A monocline is a fold where the rock layers form an S-shape as the sides of the rock are 

compressed. You can remember this type of fold because all the layers of rock are still 

horizontal, going in one direction instead of bending vertically upward or downward like 

anticlines and synclines. And since 'mono' means 'one,' monoclines are layers in only 'one 

direction.' 

Domes, which are like anticlines but instead of an arch, the fold is in a dome shape, like an 

inverted bowl. Similarly, there are also basins, which are like synclines but again, instead of a 

sinking arch, the fold is in the shape of a bowl sinking down into the ground. 

Symmetrical folds are folds with the same angle. This makes sense since symmetry means the 

same on both sides. We can also have the reverse of symmetrical, which occurs 

in asymmetrical folds, or folds with different angles. 

Isoclinal folds are similar to symmetrical folds, but these folds both have the same angle and 

are parallel to each other. 'Iso' means 'the same' (symmetrical), and 'cline' means 'angle,' so 

this name literally means 'same angle.' So, isoclinal folds are both symmetrical and aligned in 

a parallel fashion. 

Overturned folds occur when the folding is so intense that the fold appears to have turned 

over on itself. Similarly, we can have recumbent folds, which are even more extreme than 

overturned folds. These are folds that are nearly horizontal. 'Recumbent' means 'lying down,' 

so you could think of this fold as lying down sideways. 
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Symmetrical fold         Asymmetrical fold 

 

 
Dome  

 

 
Basin 
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Drag fold    Isoclinal fold 

 

 
Recumbent fold      

 

 

 

CAUSES OF FOLDING: 

1. FOLDING DUE TO TANGENTIAL COMPRESSION: 

a. Lateral compression 

b. Flexure folding due to compression of incompetent layers against competent 

layers. 

c. Flowage flowing 

d. Shear flowing 

Folds appear on all scales, in all rock types, at all levels in the crust and arise from a variety of 

causes. 

Layer-parallel shortening 
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Box fold in La Herradura Formation, Morro Solar, Peru. 

When a sequence of layered rocks is shortened parallel to its layering, this deformation may 

be accommodated in a number of ways, homogeneous shortening, reverse faulting or folding. 

The response depends on the thickness of the mechanical layering and the contrast in 

properties between the layers. If the layering does begin to fold, the fold style is also 

dependent on these properties. Isolated thick competent layers in a less competent matrix 

control the folding and typically generate classic rounded buckle folds accommodated by 

deformation in the matrix. In the case of regular alternations of layers of contrasting 

properties, such as sandstone-shale sequences, kink-bands, box-folds and chevron folds are 

normally produced.  

 
Rollover anticline 

 
Ramp anticline 

 

Many folds are directly related to faults, associate with their propagation, displacement and 

the accommodation of strains between neighboring faults. 

Fault bend folding 

Fault bend folds are caused by displacement along a non-planar fault. In non-vertical faults, 

the hanging-wall deforms to accommodate the mismatch across the fault as displacement 

progresses. Fault bend folds occur in both extensional and thrust faulting. In extension, listric 

faults form rollover anticlines in their hanging walls. In thrusting, ramp anticlines are formed 

whenever a thrust fault cuts up section from one detachment level to another. Displacement 

over this higher-angle ramp generates the folding. 

Fault propagation folding 

Fault propagation folds or tip-line folds are caused when displacement occurs on an existing 

fault without further propagation. In both reverse and normal faults this leads to folding of 

the overlying sequence, often in the form of a monocline.  

Detachment folding 

When a thrust fault continues to displace above a planar detachment without further fault 

propagation, detachment folds may form, typically of box-fold style. These generally occur 

above a good detachment such as in the Jura Mountains, where the detachment occurs on 

middle Triassicevaporites.  

Folding in shear zones 
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Dextral sense shear folds in mylonites within a shear zone, Cap de Creus 

Shear zones that approximate to simple shear typically contain minor asymmetric folds, with 

the direction of overturning consistent with the overall shear sense. Some of these folds have 

highly curved hinge lines and are referred to as sheath folds. Folds in shear zones can be 

inherited, formed due to the orientation of pre-shearing layering or formed due to instability 

within the shear flow.  

2. FOLDING DUE TO INTRUSION OF MAGMA 

3. FOLDING DUE TO DIFFERNTIAL COMPACTION 

Fold terminology in two dimensions 

A fold surface seen in profile can be divided into hinge and limb portions. The limbs are the 

flanks of the fold and the hinge is where the flanks join together. The hinge point is the point 

of minimum radius of curvature (maximum curvature) for a fold. The crest of the fold is the 

highest point of the fold surface, and the trough is the lowest point. The inflection point of a 

fold is the point on a limb at which the concavity reverses; on regular folds, this is the 

midpoint of the limb. 

Fold terminology in three dimensions 

The hinge points along an entire folded surface form a hinge line, which can be either a crest 

line or a trough line. The trend and plunge of a linear hinge line gives you information about 

the orientation of the fold. To more completely describe the orientation of a fold, one must 

describe the axial surface. The axial surface is the surface defined by connecting all the hinge 

lines of stacked folding surfaces. If the axial surface is a planar surface then it is called the 

axial plane and can be described by the strike and dip of the plane. An axial trace is the line of 

intersection of the axial surface with any other surface (ground, side of mountain, geological 

cross-section). 

Finally, folds can have, but don't necessarily have a fold axis. A fold a is, is the losest 
approximation to a straight line that when parallel to itself moved, generates the form of the 

fold.  (Da is a d Reynolds, 1996 after Donath and Parker, 1964; Ramsay 1967). A fold that 

can be generated by a fold axis is called a cylindrical fold. This term has been broadened to 

include near-cylindrical folds. Often, the fold axis is the same as the hinge line.  

Fold shape 

A fold can be shaped as a chevron, with planar limbs meeting at an angular axis, 

as cuspate with curved limbs, as circular with a curved axis, or as elliptical with 

unequal wavelength. 

Fold tightness 
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Fold tightness is defined by the size of the angle between the fold's limbs (as measured 

tangential to the folded surface at the inflection line of each limb), called the interlimb angle. 

Gentle folds have an interlimb angle of between 180° and 120°, open folds range from 120° to 

70°, close folds from 70° to 30°, and tight folds from 30° to 0 Isoclines, or isoclinal folds, have 

an interlimb angle of between 10° and zero, with essentially parallel limbs. 

Fold symmetry: Not all folds are equal on both sides of the axis of the fold. Those with limbs 

of relatively equal length are termed symmetrical, and those with highly unequal limbs 

are asymmetrical. Asymmetrical folds generally have an axis at an angle to the original 

unfolded surface they formed on. 

Deformation style classes 

Folds that maintain uniform layer thickness are classed as concentric folds. Those that do not 

are called similar folds. Similar folds tend to display thinning of the limbs and thickening of 

the hinge zone. Concentric folds are caused by warping from active buckling of the layers, 

whereas similar folds usually form by some form of shear flow where the layers are not 

mechanically active. Ramsay has proposed a classification scheme for folds that often is used 

to describe folds in profile based upon curvature of the inner and outer lines of a fold, and 

the behavior of dip isogons. That is, lines connecting points of equal dip. 

Importance of Geological Structures 

 The physical properties of rocks, mineral and other materials of civil engineering, like 

textures, grain size are very important for a civil engineer. Similarly the secondary structures 

formed after the formation of rocks, like folds, faults and joints may be more suitable or 

unsuitable for a given civil engineering purpose. This is truer in the case of site rocks where 

foundations of constructions, such as dams, bridges, reservoir basins, tunnels, roads and 

railway lines, are planned. 

Effects of Folding and their importance in civil engineering: The deformities like folds can be 

of much important from civil engineering point of view. Their importance can be listed as 

followed. Folding importance in location of Dams: The site chosen for dam construction if 

contains folds, the inclination of limbs in the dam site may produce a geological setting which 

may be either more favorable or unfavorable at the dam site. The situations of fold occurred 

at dam site can be listed as: Situation 1: If the beds of limb of the fold dip gently in the 

upstream direction, it is more favorable and advantageous. This is because at the dam site, 

the weight of the dam (W) (as in the fig.) acts vertically downwards, and in addition, there 

also exists a great lateral thrust (T) due to reservoir water. The resultant force (R) of these 

two will be always inclined in the downstream direction. Depending on the quantum of 

reservoir water, the inclination (R) may vary from 10o to 30o from the vertical. This means 

the beds which have a gentle upstream dip will be perpendicular to the resultant force and 

hence can offer their best competence to withstand the stresses or loads acting in the area 
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Synclinal Fold Along Dam 

Normally sedimentary rocks will have the greatest load-bearing capacity when forces act 

perpendicular to the bedding planes yet the same rocks have the least competence when the 

forces act parallel to the bedding planes, this point is very important in considering the dam 

site. The geological setting of folds can also indirectly contribute to the stability of dam, by 

completely eliminating the possible uplift pressure. This is because, if any possible leakage 

(shown by arrows in fig.) of reservoir water is directed to the upstream by virtue of the 

inclination of beds. Hence there is no scope for the flow of reservoir water beneath of the 

dam. The above said advantage is not benefited when the dam is constructed on horizontal 

strata as shown below. In this situation, the resultant force in the dam will not be 

perpendicular and will be inclined downstream. This is not at all ideal though not bad. And 

the reservoir water, which is under great pressure, shall attempt to leak beneath the dam 

along the horizontal bedding planes, thereby causing uplift pressure, leading to unstable 

geological setting depending on the location of the dam. 

 

Horizontal strata along dam 

Situation 2:  

If the dam is located over the limb of the fold which dips along the downstream direction as 

shown below. The resultant force of the dam will be parallel or nearly parallel depending on 

the amount of dip. In this situation the sedimentary beds are less competent, leading to 

unfavorable geological setting. In this situation there will be leakage of the reservoir water 

along the bedding planes, resulting further instability of the dam structure. 
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Syncline fold with downstream dam 

Situation 3:  

Dam site with vertical beds. The occurrence of perfectly vertical beds is rather uncommon, as 

strata will normally have certain inclination. If any such occurrence is observed in thegiven 

place, it will not pose problems of uplift pressure on dam, or leakage below the dam. 

However, it shall not have any advantage in terms of competence of rocks. 

 
Dam on vertical strata  

Faults 

In geology, a fault is a planar fracture or discontinuity in a volume of rock, across which there 

has been significant displacement as a result of rock-mass movement. Large faults within the 

Earth's crust result from the action of plate tectonic forces, with the largest forming the 

boundaries between the plates, such as subduction zones or transform faults. Energy release 

associated with rapid movement on active faults is the cause of most earthquakes. 

A fault plane is the plane that represents the fracture surface of a fault. A fault trace or fault 

line is the intersection of a fault plane with the ground surface. A fault trace is also the line 

commonly plotted on geologic maps to represent a fault.  

Since faults do not usually consist of a single, clean fracture, geologists use the term fault 

zone when referring to the zone of complex deformation associated with the fault plane. 

The two sides of a non-vertical fault are known as the hanging wall and footwall. By 

definition, the hanging wall occurs above the fault plane and the footwall occurs below the 
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fault.[3] This terminology comes from mining: when working a tabular ore body, the miner 

stood with the footwall under his feet and with the hanging wall above him. 

Different types of Faults 

A close look at faults helps geologists to understand how the tectonic plates have moved 

relative to one another. Types of movement of crustal blocks that can occur along faults 

during an earthquake: 

 
Types of folds 

 

1. Where the crust is being pulled apart, normal faulting occurs, in which the overlying 

(hanging-wall) block moves down with respect to the lower (foot wall) block. 

2. Where the crust is being compressed, reverse faulting occurs, in which the hanging-wall 

block moves up and over the footwall block – reverse slip on a gently inclined plane is 

referred to as thrust faulting. 

3. Crustal blocks may also move sideways past each other, usually along nearly-vertical faults. 

This st ike-slip  movement is described as sinistral when the far side moves to the left, and 

dextral, when the far side moves to the right. 

4. An oblique slip involves various combinations of these basic movements, as in the 1855 

Wairarapa Fault rupture, which included both reverse and dextral movement. Faults can be 

as sho t as a fe  et es a d as lo g as k . The fault uptu e f o  a  ea th uake is t 
always a straight or continuous line. Sometimes there can be short offsets between parts of 

the fault, and even major faults can have large bends in them. 

1) Classification of faults on the basis of net slip 

 On the basis of net slip faults have the following three types 

1. Dip slip fault 

2. Strike slip fault 

3. Oblique slip fault 

a) Dip slip fault: 

The faults in which the slip takes place along the direction of the slip is called dip slip fault .in 

the dip slip fault net slip is parallel to the dip of fault 

 

 b) Strike slip fault 

The faults in which the slip takes place along the direction of the strike is called dip slip fault 

.in the dip slip fault net slip is parallel to the strike fault.  

 

c) Oblique strike fault 
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When the net slip is neither parallel to strike nor parallel to the dip of fault is called Oblique 

strike fault. 

 

 

 

 

 

OR 

A fault which has a component of dip-slip and a component of strike-slip is termed an 

'oblique-slip fault'. Nearly all faults will have some component of both dip-slip and strike-slip, 

so defining a fault as oblique requires both dip and strike components to be measurable and 

significant  

2) Classification of faults on the basis of apparent movement of blocks: 

On the basis of the apparent movement of blocks fault have the following types 

1. Normal fault 

2. Reverse fault 

a) Normal fault 

 Normal fault is one in which the hanging wall falls down relative to the foot wall due to 

tensional stress it is also called gravity fault/apparent normal fault. Normal faults with very 

shallow dipping fault planes (<10 degrees) are called "detachment" faults or "decollemonts". 

b) Reverse fault  

Reverse fault is one in which the hanging wall moves up relative to the foot wall due to 

compression. If the hanging wall is pushed up and then over the foot wall at a low angle it is 

called a thrust fault. Reverse faults with very shallow dipping fault planes (<10 degrees) are 

called "thrust" faults; 

 
 

3) Classification of faults on the basis of dip angle 

On the basis of the dip angle fault has the following types 

1. High angle fault 
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2. Low angle fault 

a) High angle fault 

A high angle fault is one that dips at angle greater than 45° 

b) Low angle fault 

A low angle fault is one that dips at angle smaller than 45° 

4) Classification of faults on the basis of fault pattern 

On the basis of pattern faults are classified into the following types 

1. Parallel faults 

2. Step faults 

3. Graben or rift fault 

4. Horst 

5. Radial fault 

6. Peripheral faults 

7. Enechelon faults 

a) Parallel fault                 Horst and Graben 

A series of faults running more or less parallel to one another and all handing in the same 

di e tio , a e alled pa allel faults  

b) Step fault 

 It is consists of those parallel faults where down throw of all are in the same direction and it 

gives a step like arrangement 

c) Graben or Rift fault 

When two normal faults fade towards each other and the beds between them are thrown 

down in the form of a wedge, the structure is called graben or rift fault 

d) Horst 

A horst consists of a central block on the both sides of which adjacent beds appear to have 

been faulted down 

e) Radial faults 

A number of faults exhibiting a radial pattern are descried as radial faults 

f) Peripheral faults 

Curved faults of more or less circular, or are like outcrops on level surface are called 

peripheral faults 

g) Enechelon Faults 

Enechelon fault are comparatively short faults which overlap each other 

5) Classification of faults on the basis of altitude of fault relative to the altitude of the 

adjacent rocks/formation 
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It can be classified as 

1. Dip fault 

2. Strike fault 

3. Bedding fault 

4. Oblique fault 

5. Tear fault or Transcurrent fault 

a) Dip fault 

A dip fault is one shore strike is parallel to the dip of sstrata and also called transverse faults 

when it runs across the general structure of the region 

b) Strike Fault 

A strike fault is one shore strike is parallel to the strike of strata and also called longnitudal 

faults when it runs across the general structure o the region 

c) Bedding fault 

When strike of the fault plane is oblique to the strike of dip of strata, it is called an oblique 

fault 

e) Oblique fault 

When the strike of the fault plane is oblique to the strike and dip of strata, it is called an 

oblique Fault. 

f) Tear fault or transcurrent fault 

It generally strikes transverse to the strike of country rocks .the fault plane is more or less 

vertical and often extend from a long distances it is also called a wrench fault. 

Effects of Faulted beds:  

If the dam site shows any occurrence of faulting, irrespective of its attitude (i.e. dip & strike), 

under no circumstances, dam construction should not be taken. This is not only because of 

the fear of possible relative displacement of the site itself but also due to the possible 

occurrence of earthquakes which endanger the safety and stability of the dam. Further, if the 

fault zone is crushed or intensely fractured, due to the water pressure or construction load 

pressure, it becomes physically incompetent to withstand the forces of the dam. In such cases 

normally there will be more porosity and permeability of water leading to further reduction 

in competence. 
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Dam on faulted strata 

 

Though the faulted site or fault zone is undesirable for dam construction, if the need arises 

and if one knows the tectonic history of the faulted region indicates that the site become 

stable and has no threat of possible recurrence of faulting, it can be recommended for dam 

construction after necessary treatment. Yet the following points should be considered.  

1. If the faults occur in the downstream side, they will not be much harmful.  

2. If the faults occur in the upstream side, the downstream dipping faults are dangerous 

because of the risk of uplift pressure and leakage. But if the faults dip in the upstream side 

are sealed properly avoiding the leak, there could be benefit of dam stability.  

3. If the dam has to rest upon inactive faults, stringent precautions have to be taken to 

overcome the drawbacks of faulting.  

Effects of jointed beds:  

Joints are most common geological structures found everywhere. They represent clear-cut 

opening and gaps of different magnitudes, contributing to weakness of the rock, porosity and 

permeability. As the rocks with the joints are not under any strain, they can be easily treated 

and the sites can be used for construction activities, unless the joints are prominent, closely 

spaced. Grouting is generally capable of overcoming the adverse effects of joints because it 

fills the gaps of joints; bring cohesion to the rocks, increases compactness and competence of 

the rock. It also reduces the porosity and permeability. (If the joints are comparable with the 

bedding planes, the effects are similar which have been discussed along with the folds).  

 

 
 

Fault along Reservoir 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 
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