Engineering Geology Unit- IV

Structural geology:

Structural geology is the study of the thrdémensional distribution of rock units with
respect to their deformational histories. The primary goal of structural geology is to use
measurements of preserday rock geometries to uncovarformation about the history of
deformation (strain) in the rocks, and ultimately, to understand the stress field that resulted
in the observed strain and geometries. This understanding of the dynamics of the stress
field can be linked to important evenia the regional geologic past; a common goal is to
understand the structural evolution of a particular area with respect to regionally
widespread patterns of rock deformation (e.g., mountain building, rifting) due to plate
tectonics.

Methods of Structurd Geology:
Structural geologists use a variety of methods
1 Measureof rock geometries
1 Reconstruct the deformational histories
1 Calculate the stress field that resulted in that deformation.

Only in a few cases does deformation of rocks occur at a rateighattservable on human
time scales. Abrupt deformation along faults, usually associated with earthquakes daused
the fracture of rocks occurs on a time scale of minutes or seconds. Grddimmation
along faults or in areas of uplift or subsidence t@nmeasured over periodsf months to
years with sensitive measuring instruments.

Causes for deformities or development of structures:
1. Constant mould and remould of the crust by exogenous geological agents
(Weathering).
2.LyaidloAfAde 2sultingin Nitekiertonick of indvbidiettNie didgenic
and epeirogenic movements. The orogenic movements are mainly lateral and involve
crustal deformations leading to the formation of mountains. The epeirogenic
movements are primarily vertical and involventinental formation.

In the Earth the pressure due to the weight of overlying rocks is a uniform stress, and is
sometimes referred to as confining stress.
If stress is not equal from all directions then we say that the stress is a differential stress.
Three kinds of differential stress occur.

1 Tensional stress (or extensional stress), which stretches rock;

1 Compressional stress, which squeezes rock; and

1 Shear stress, which resuh slippage and translation.
When rocks deform they are said to strainstfain is a change in size, shape, or voluha
material.
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Stages of Deformation
When a rock is subjected to increasing stress it passes through 3 successive aftages
deformation.

9 Elastic Deformatior- wherein the strain is reversible.

9 Ductile Deformé&on -- wherein the strain is irreversible.

9 Fracture- irreversible strain wherein the material breaks.

Fracture

Stress

]
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Evidence of Former Deformation

Evidence of deformation that has occurred in the past is very evident in crustal rocks. For
example, sedimentargtrata and lava flows generally follow the law of originatizontality.

Thus, when we see such strata inclined instead of horizontal, evidence epiaode of
deformation is present.

Modern regional structure (macrostructures) is being investigatedngusseismic
tomography and seismic reflection in three dimensions, providing unrivalled images of the
Earth's interior, its faults and the deep crust. Further information from geophysicsasich
gravity and airborne magnetics can provide information oa tlature of rocks imaged in
the deep crust.

Rock microstructure or texture of rocks is studied by structural geologists on a small scale to
provide detailed information mainly about metamorphic rocks and some featufes
sedimentary rocks, most often ifhéy have been folded.Textural study involves
measurement and characterisation of foliations, crenulatiomg&tamorphic minerals, and
timing relationships between these structural features antheralogical features.

Outcrop:
An outcrop is a visible expa®e of bedrock or ancient superficial deposits on the surface of

the Earth.lt is the generalised term used to refer the exposed folds, faults, joints etc.
Wy, -

A

—

1- Tomography refers to imaging by sections or sectioning, througliskeof any kind of penetrai g wave.
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The shape and width of the outcrop of the inclined bed depends upon the direction and
amount of its dip and the surface slope of the region as the following figure reveal.
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In generalthe flatter the slope of the gnand, the wider will be the outcrop. If the direction

of the slope of the ground and the direction of dip coincide, the outcrop of the given bed
will be wider than when these directions are opposed. When a bed is vertical, the width of
the outcrop will be nmimum.

A few cases of ‘ghaped outcrops in a valley may also be seen, which are depicted as
followed.

(The left side figures show geological settings and right side figures show contour pattern
and outcrop appearance)
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Attitudes:

In geometry the orientabn, angular position, or attitude of an object such as a line, plane
or rigid body is part of the description of how itptaced in the space it is iNamely, it is

the imaginary rotation that is needed to move the object from a reference placemens to i
current placement. A rotation may not be enough to reach the current placement. It may be
necessary to add an imaginary translation, called the object's location (or position, or linear
position). The location and orientation together fully describe htw object is placed in
space. The above mentioned imaginary rotation and translation may be thought to occur in
any order, as the orientation of an object does not change when it translates, and its
location does not change when it rotates.

Strike &Dip:

Strike and dip refer to the orientation or attitude of a geologic feature. The strike line of a
bed, fault, or other planar feature is a line representing the intersection of that feature with
a horizontal planeThe dip gives the steepest angle ofsdent of a tilted bed or feature
relative to a horizontal plane

Strike and Dip
Map Symbol

Representation of Strike & Dip:
On a geologic map, this is represented with a short straight line segment oriented parallel to
the strike line. Strike (or strike angle) can be given as either a quadrant compass bearing of
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the strike line (N25°E for example) or in terms of east or wesuefnorth or south, a single
three digit number representing the azimuth, where the lower number is usually given
(where the example of N25°E would simply be 025, and the other value of 205 is discarded),
or the azimuth number followed by the degree si@@xample of N25°E would be 25° or
205°).

Dip is given by the number (80°) as well as a letter (N,S,E,W) with rough direction in
which the bed is dipping. One technique is to always take the strike so the dip is 90° to the
right of the strike, in whicltase the redundant letter following the dip angle is omitted. The
map symbol is a short line attached and at right angles to the strike symbol pointing in the
direction which the planar surface is dipping down. The angle of dip is generally included on
a geologic map without the degree sign. Beds that are dipping vertically are shown with the
dip symbol on both sides of the strike, and beds that are flat are shown like the vertical
beds, but with a circle around them. Both vertical and flat beds do not lraweimber
written with them.

Another way of representing strike and dip is by dip and dip direction. The dip direction is
the azimuth of the direction the dip as projected to the horizontal (like the trend of a linear
feature in trend and plunge measurenisi, which is 90° off the strike angle. For example, a
bed dipping 30° to the South, would have an Ba&sst strike (and would be written 90°/30°

S using strike and dip), but would be written as 30/180 using the dip and dip direction
method.

Strike and dipare determined in the field with a compass and clinometer or a combination
of the two, such as a Brunton compass named after D.W. Brunton a Colorado miner.
Compas<linometers which measure dip and dip direction in a single operation are often
called "statum" or "Klar" compasses after a German professor.

Any planar feature can be described by strike and dip. This includes sedimentary bedding,
faults and fractures, cuestas, igneous dikes and sills, metamorphic foliation and any other
planar feature in theEarth. Linear features are measured with very similar methods, where
"plunge” is the dip angle and "trend" is analogous to the dip direction value.

N .
N <C  strike
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The various parts of the Brunton are depicted below.

1. Bearing Needle 6. Mirror

2. Graduated Circle 7. Long Level

3. ZeroPin 8. Adjusting Screw
4. Large Sight with Peep Sight 9. LiftPin

5. Small Sight 10. Vernier

11. Round Level

Measuring the strike and dip of a geologic feature uses all three functions of the transit
compass being the magnetic needle, Round Level, and Long Level. The strike is found by
placing the edge of the compass against the inclined rock and adjusting thpass
position until the round level is center. With the edge of the compass flush to the rock and
the round level center observe and record the bearing. For this example the bearing is N35E.
The dip angle will always be orthogonal to the strike.

A trick pbr finding the strike is to pour some water on the rock. The water will flow in the
direction of the dip and the strike is orthogonal as stated.

b
4
!
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ANGLE OF DIP

DIRECTION OF DIP (040°N]
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The dip is found by placing the compass flat against the rock orthogonal to the strike.
Adjust the lever orthe back of the compass until the Long Level is flat. Observe and record
the measurement seen on the Vernier. For this example it is 45 defmeehown in fig)

This may be written as N35E 45.

This may also be annotated on a geologic map with a loegolinting toward N35E and an
orthogonal line pointing in the direction of dip with the dip angle annotated adjacent to the
symbol.

%%
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ininclined strata, successively younger beds are generally found along the dip direction (i.e.,
when the dip amount of beds is more than the surface slope). But when the dip amount is
less than surface slope, successively older beds are encountered atoodiptlirection.

I icinod beds 1/,}’7(//

Diroction of
ooCumranca
of successively
younger beds

Youngast=—i

= PR ] in |
Order of super
position of beds

Direction of occurrence
of successively
older beds

Oldesl—n

Dip direction and order of superposition

Folds, faults, joints are the most commonly found geological structures in nature:

Folds:
The term fold is used in geology 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.

B
2 A <
A=Beds bentupwards
B = Beds bent downwards
Horizontal beds Folded beds

Synsedimentary folds are those due to slumping of sedimentary materialrébafois
lithified. Folds in rocks vary in size from microscopic crinkles to mousizéd folds. They
occur singly as isolated folds and in extensive fold trains of different sizes, on a variety of
scales. Folds form under varied conditions of stressirdstatic pressure, pore pressure,
and temperature- hydrothermal gradient, as evidenced by their presence in soft sediments,
the full spectrum of metamorphic rocks, and even as primary flow structures in some
igneous rocks. A set of folds distributed onregional scale constitutes a fold belt, a
common feature of orogenic zones. Folds are commonly formed by shortening of existing
layers, but may also be formed as a result of displacement on glamar fault (fault bend
fold), at the tip of a propagatinfault (fault propagation fold), by differential compaction or
due to the effects of a highevel igneous intrusion e.g. above a laccolith.
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Description of folds:
Folds are classified by their size, fold shape, tightness, dip of the axial plane.

Foldterminology in two dimensions

Looking at a fold surface in profile the fold 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 maximum radiugf 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.
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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 ofthe 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 thealli#d

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 crossection).

Hinge line

Axial surface

Crest and Trough:
The curved mtion of the fold at the top is called crest and the bottom is called trough. In
general the crest and trough are smoothly bent, but in chevron folds, these are sharp and

w
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