Crustal Deformation & Mountain Building

AThe process of forming a
mountain not only uplifts the
surface of the Earth, it causes
rocks to underg®eformation.

ADeformation: The process by SRS
which rocks are deformed g Sece e
(squashed, stretched, sheared, ' ° \ "
etcé) in. respo
stretching, shearing etc (i.e.
differential stress).
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I Joints
I Faults
I Folds
I Foliation



Mountain Belts an®rogens

A Except for volcanoes, mountains do not typically occur in isolation; the:
occur Iin linear ranges callédountain Belts or OrogenicBelts

A Orogeny:A mountain building event; lasts ~10 million years (varies a lo

A Erosion counterac®rogensso most mountains that we see today are y«
(most are < 100 Ma) compared to the Earth.
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DeformedwvsUndeformed
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In anundeformedsequence, strata <®R\ Road Cutin Indiana T
occurs in horizontal layers, just like Soo
it was deposited.

No metamorphic rocks, no foliation,
no large faults, maybe some joints |

Sandstone bed

Shale
bed

horizontally-aligned from
compaction

(a)

In a deformed sequence (e.g.
mountain belt) rocks are folded, ang
possibly metamorphosed

Faults with large offsets may be
present, juxtaposing different rocks
side by side

Rocks may be highly folded and |/ 7}
squashed grains may create strong| ="
foliations. ’
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Deformation
A In general you can say that a rock has been
deformed If it has:

I translated (moved) from its original position
I changed in orientation (folding, rotation and/or tilting)
I changed in shapélictortion)

Before
deformation

Fold

Distortion

After
deformation

(d)

(b) Changing orientation (c) Changing shape



Brittle:and Ductile Deformation

Brittle Deformation (lithosphere):

I Low temp & pressure (shallow depth) / high strain rates

i Forms faults, joints, etcé
Ductile Deformation (asthenosphere):

I High temps & pressures (deep depth) / low strain rates

I Forms folds and foliations

Some deformation is temporafgfore s
elasticstrainbetweerearthquakes N p

Eventually norrecoverable
permanent deformation may
occur(all the features listed up

top are types of permanent
deformation)

The line between brittle and
ductile deformation also depends
on composition

In some cases brittle and ductile
features can form in the same

After

rock Brittle Ductile
() deformation (b) deformation



Key Deformation Terms
A Strain: A change in size and/or shape due to the application of stress
I Descriptive terms: shortening/contraction, stretching/extension, shear
I Strain = change in length / original length
A Stress A force exerted over some area that causes rocks to undergo strain

I Descriptive terms. compression, tension, shear

I Stress = force / areapyg shell
(brachiopod)
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Strain Ellipse

A Geologists can quantify strain by looking at changes in angles or
of certain shapes called strain ellipses

A Forexamplejf you
draw a circle on a
deck of cards and
then shear it, the
circle undergoes
strain to becomes a
ellipse.
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A Remember that shear

IS a term that applies

to both stress and
strain. Shear stress
causes shear strain.
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Stressl- FoF©O r C e

Newton gave us: force = mass * acceleration
Geologists think in terms of: stress = force / area

Forces in the Earth are distributed over entire plate boundaries, so the area o\
which the force is applied is important.

So it is stress, not force alone that is important for determining if deformation v
occur.




Types of ‘Stress

A Pressure: When stress is the same in all directions. Causes volumetric chang
shape change. E.g. water or air pressure.

A Compression: A stress that causes contraction
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Types of Stress

A Tension: A stress that causes extension.
A Shear: A stress that causes shearing
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Measuring Orientation: Strike and Dip

A

In order to characterize geologic
structures, geologists must be able to
guantify the orientation of structures.

For Planar features we use:

A

Strike: The orientation of the intersectic
line between a horizontal surface and t
feature of interest. Measured with a
compass.

i E. g. nort h, N45W,
Dip: The acute angle between the featt
of interest and a horizontal plane.

i E.g. 0A= horizontal 9@\= vertical

For linear features we use:

A Trend: the trend of the line if
you were looking down on the
feature from above

I E. g. nort h, NV
A Plunge Acute angle between tr
line and a horizontal plane

i Eg.4A75A et c é



