Introduction to
Plate Tectonics

Plate tectonics is the fundamental theory that describes the dynamic
movements and interactions of the Earth's surface. It explains how the
continents and oceans are constantly shifting, colliding, and separating

over geological time scales.
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The Earth's Structure
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Internal Layers

The Earth is composed of several
distinct layers, including the thin outer
crust, the thick mantle, the liquid outer
core, and the solid inner core. Each
layer has unique properties and

compositions.
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Variations in Temperature and
Pressure

The temperature and pressure increase

dramatically with depth, with the

highest values found in the Earth's core.

These extreme conditions affect the
physical and chemical properties of the

layers.
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Convection in the Mantle

The heat from the Earth's core drives
convection currents in the molten
mantle, which in turn move the tectonic
plates on the surface, powering the

plate tectonic processes.
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AT TECTONIC
PLATE

BOUNDARIES?




Tectonic Plates

Definition

Tectonic plates are massive,
irregularly shaped slabs of solid
rock that make up the Earth's

outer shell, or lithosphere.

Plate Boundaries

The edges of these plates,
where they meet, are called
plate boundaries and are sites of
intense geological activity such
as earthquakes and volcanic

eruptions.

Plate Movement

Tectonic plates are constantly
moving and interacting with
each other, driven by the
convection of the Earth's molten

interior.



Plate Boundaries

Convergent
Boundaries

Where two tectonic
plates collide, one plate is
pushed beneath the
other in a process called
subduction. This leads to
the formation of
mountain ranges, deep
ocean trenches, and

volcanism.

Divergent
Boundaries

At these boundaries, two
plates move apart,
allowing molten rock to
rise up and create new
oceanic crust. This results
in the formation of mid-
ocean ridges and rift

valleys.

Transform
Boundaries

Plates slide past each
other horizontally at

these boundaries,

creating strike-slip faults.

This movement can
produce major
earthquakes but not

volcanoes or new crust.

Plate Boundaries in
Motion

The continuous
movement and
interaction of tectonic
plates shapes the Earth's
surface, resulting in the
dynamic geological
features we observe,
from towering mountains

to deep ocean trenches.



THREE TYPES OF PLATE BOUNDARY
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STRUGTURE OF THE EARTH

The Earth is made up of three main layers:

"CRUST
s MANTLIE
"CORE



Divergent Boundaries

Separating Plates

1 Divergent boundaries occur where two tectonic plates move away from each

other, causing the Earth's crust to pull apart and new oceanic crust to form in the

gap.

Volcanic Activity

2 As the plates move apart, magma from the mantle wells up, creating volcanoes

and mid-ocean ridges along the boundary.

Seafloor Spreading

3 The new crust formed at the divergent boundary is continuously pushed away
from the ridge, causing the seafloor to spread and the ocean basins to widen over

time.




Convergent Boundaries

Collision
1
Two tectonic plates collide and converge
Subduction
2
The denser plate is pushed under the less dense plate
Orogenesis
3

Uplift and mountain building occur due to the collision

At convergent boundaries, two tectonic plates meet and the denser plate is pushed under the less dense plate in a process called
subduction. This collision and subduction leads to the uplift and folding of the earth's crust, resulting in the formation of mountain

ranges through the process of orogenesis.



Transform Boundaries

Plate Movement

At transform boundaries, tectonic plates slide past each Examples
other, neither converging nor diverging. This creates a The San Andreas Fault in California and the Dead Sea
strike-slip fault where plates move horizontally in opposite Transform Fault between the Arabian and African plates
directions. are well-known examples of transform boundaries.
1 2 3

Earthquakes and Seismic Activity

The friction at transform boundaries often causes major
earthquakes as the plates grind against each other. This
intense seismic activity can lead to significant damage and

destruction.



Plate Movement

Lateral Motion

1 Plates slide past each other
Convergence
2
Plates move towards each other
Divergence
3

Plates move apart from each other

Tectonic plates are constantly in motion, driven by the convection currents in the Earth's mantle. This movement can take three
main forms - lateral motion where plates slide past each other, convergence where plates collide, and divergence where plates move

apart. The specific type of plate boundary determines the geological processes that occur, such as earthquakes, volcanoes, and
mountain building.



Driving Forces of Plate Motion

Mantle Convection

The circulation of hot, molten rock within the Earth's
mantle creates a convection current that drives the

movement of tectonic plates.

Ridge-Push

The upwelling of magma at mid-ocean ridges creates a
"ridge-push" force that helps propel the plates away

from the ridges.

Gravity

The pull of gravity on the denser oceanic plates causes
them to sink down and subduct under less dense

continental plates, driving plate motion.

Slab-Pull

The downward pull of the dense, subducting oceanic
crust creates a "slab-pull" force that also contributes to

the overall motion of tectonic plates.



Plate Tectonics and Earthquakes
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Fault Lines Seismic Waves Magnitude Scales

Earthquakes occur along fault lines, The sudden movement of plates The magnitude of an earthquake is
where tectonic plates meet and move generates seismic waves that radiate measured on scales like the Richter
past each other, causing the ground to outward, causing the shaking and scale, which quantify the amount of

shake. tremors associated with earthquakes. energy released.



Plate Tectonics and Volcanoes

Volcanic Activity

Volcanoes are closely linked to plate
tectonics, as they often form at the
boundaries where tectonic plates meet

and move against each other.

Hotspot Volcanoes

Convergent Boundaries

At convergent plate boundaries, one
plate is pushed beneath another,
creating a subduction zone where

magma rises and can erupt as volcanoes.

Some volcanoes, like those in Hawaii, form over stationary "hotspots" in the Earth's mantle,

creating a chain of islands as the plate moves over the hotspot.




Plate Tectonics and Mountain Building

Collision of Plates

When tectonic plates
collide, the result is the
uplift of the Earth's crust,
forming towering
mountain ranges. This
occurs at convergent
plate boundaries, where
plates are pushed

together.

Folding and Faulting

As plates collide, the crust
is subjected to intense
compressive forces,
causing it to fold and
fault. This creates
complex geological
structures, including
folds, thrust faults, and

reverse faults.

Volcanic Activity

Convergent plate
boundaries are also sites
of intense volcanic
activity, as the subducting
plate melts and rises to
the surface, forming
volcanoes and volcanic

mountain ranges.

Examples

Major mountain ranges
formed by plate tectonics
include the Himalayas,
Andes, Rocky Mountains,
and the Appalachian

Mountains.



Plate Tectonics and Continental Drift
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Pangaea and Continental Drift Plate Movements and Evidence from Seafloor
Landform Formation Spreading
The theory of plate tectonics explains As tectonic plates move, they collide, Seafloor spreading, where new oceanic
how the continents have drifted apart pull apart, or slide past each other, crust is continually formed at mid-ocean
over geological timescales, forming the leading to the formation of key ridges, provides direct evidence of the
landmasses we see today. This process geological features like mountains, movement of tectonic plates. Magnetic
began with the breakup of the volcanoes, and ocean basins. This stripes on the ocean floor also record
supercontinent Pangaea around 200 constant movement has shaped the the history of plate motions.

million years ago. Earth's surface over millions of years.



Evidence for Plate Tectonics

Seafloor Spreading

Mapping of the seafloor has revealed a pattern of
parallel magnetic stripes, indicating the gradual
movement and spreading of the Earth's crust over

time.

Fossil Evidence

The presence of identical fossils on different
continents, even those separated by vast oceans,
supports the theory of continental drift and plate

tectonics.

Earthquakes and Volcanoes

The distribution of earthquakes and active volcanoes
along distinct, linear patterns on the Earth's surface
provides clear evidence of the boundaries between

tectonic plates.

Mountain Building

The formation of mountain ranges, such as the
Himalayas, is a direct result of the collision and
subduction of tectonic plates, further confirming the

theory of plate tectonics.



Implications and Applications of Plate Tectonics

© (L)

Geologic Hazard Prediction Navigation and Exploration Resource Extraction

Knowledge of plate tectonics informs

Understanding plate boundaries Plate tectonic theory has enabled the exploration and extraction of
allows us to anticipate and prepare for advancements in navigational tools valuable natural resources like oil, gas,
earthquakes, volcanoes, and other and exploration of the seafloor and and minerals found in specific
geological hazards that threaten deep Earth, unlocking new scientific geological settings.

human populations. discoveries.



