Why is Plate Tectonics regarded as a Unified Theory?

Plate tectonics is a collection of isolated observations that gives us a single unified understanding of how the
Earth changes as a whole.

Why is it a Unified Theory?

Plate tectonics was not discovered in one day. It was built piece by piece. It evolved through questions,
evidence and connection.
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Plate Tectonic Theory developed by combining ideas of Wegener, Holmes, Hess and later geologists.
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From continents drifting to plates moving, each idea brought us closer to understanding Earth’s unified
theory.

CONTINENTS HEAT DRIVES OCEAN FLOOR EARTH WORKS AS
WERE ONE MOVEMENT __ _ SPREADS : A SYSTEM

All these geological processes together that gave us a complete picture of a unified theory of plates tectonics
explains below—

1. Continental Drift Theory — Alfred Wegener (1912)

Idea: Proposed that all continents were once joined together in a supercontinent called Pangaea and later
drifted to their present position.

Limitation: Could not explain the mechanism or the driving force.

Contribution: Gave the bold idea that continents can move.
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2. Convection Current Theory — Arthur Holmes (1928)

ldea: Convection currents in the mantle could drive the movement of continents/crustal blocks.
Limitation:

e No direct evidence at that time.
e Mechanism not well understood.

Contribution: Provided a possible mechanism (How) for continental movement.

3. Sea Floor Spreading Theory — Profounded by Harry Hess in (1960)

Idea: Proposed that new oceanic crust is formed at mid-ocean ridges.
Sea-floor spreads laterally on both sides of the ridge.
Old oceanic crust moves away and is eventually subducted at ocean trenches.

Limitation: Did not fully explain why and how the entire lithosphere moves as a system.

Contribution: Provided strong evidence from ocean-floor processes (sea-floor spreading and subduction).

4. Plate Tectonics

Idea: Integration of all ideas with new evidences.

e 1. Sea-floor spreading
e 2. Paleomagnetism — the magnetic memory of rocks.

How does it work?

1. Magma erupts from volcano.
2. Magnetic minerals align with Earth’s magnetic field.
3. Lava cools and minerals get locked in.

4. Rocks preserve the magnetic direction.
Every rock has a story. Paleomagnetism helps us read Earth’s history written in magnetism.
You can say: “Rocks are pages, magnetism is the ink.”

From tiny magnetic minerals to moving giant continents — paleomagnetism connects the dots of Earth’s
past.

3. Explains distribution of earthquakes, volcanoes and other geological features along plate boundaries.

Pacific Ring of Fire is a classic example.

4. Explain Plate Boundaries and their Features

i) Divergent boundary Sea-floor spreading, mid-oceanic ridges.
ii) Convergent boundary Mountain building, subduction, trenches, earthquakes.

iii) Transform boundary Strike-slip faults and earthquakes.
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Plate Boundaries
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5. Global pattern of mountain building.

e Continent—Continent convergence — Himalayas.
e Ocean—Continent convergence — Andes; formation of mountain is linked to plate movement.

Summary of unified theory

1. What

2. How

3. Evidence / Process

4. Complete Model

Continents move

Convection in the
mantle may drive the
continents

New oceanic crust at
mid oceanic ridges

Lithospheric plates
move and interact

Question created:
How do continents
move?

Question raised:
What happens
beneath the
continents

Question Answered:
What evidence
supports the
movement

Answer completely:
A unified theory —
PLATE TECTONICS

Conclusion

Plate Tectonics is a unified theory because it brings together and explains, within a single framework, the wide range of
geological phenomena that were earlier explained by separate theories.
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How Do Earthquake Waves Help to Understand the
Interior of the Earth?

What is an Earthquake Wave?

At first, we should know about what is earthquake waves. Earthquake wave also known as seismic wave,
vibrations produced by the sudden release of energy inside the earth, travel through the earth and
provided valuable information about its internal structure are called earthquake or seismic wave.

But Why Earthquake Waves Help Us to Understand the Interior of the Earth?

Here is the answer - The Earth's interior is inaccessible to direct observation, mainly because of the
extremely high temperature and pressure inside the Earth. Temperature generally increases with depth,
approximately 1°C for every 32 meters near the surface. Beyond about 100 km depth, the temperature
becomes so high that rocks may begin to melt. Heat is also generated because of the radioactive decay
of elements present within the Earth. But seismic waves have turned the Earth into an open book,

allowing us to see the unseen beneath our feet.

Types of Seismic Waves

There are two main types of seismic waves:

Compressional wave
P Shear wave

Wave Type

Speed Fastest Slower than P-waves

Travel through solids, liquids, and

Travel only through solids
gases

Medium of
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Journey of Seismic Waves T
> (With 90° angle) =
(Point on the surface

urface directly above the focus)
(hypocentre) inside the Earth. Surf B e i Y

2. Propagation: Waves travel outward in all

1. Focus: Earthquake occurs at the focus

directions. —QE"Keat_Pof"*t; N s e, el i all directons
3. Epicenter: The point on the Earth's surface T e G ] = R
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above the focus.
directly above the focus (at a 90° angle) is called - e tine jaining focus

and epicenter is vertical,
and it forms a 90° angle

the epicenter. It is the first place on the surface at the surfuce.

@ Remember:

Epicenter = Surface point
Focus = Origin (underground)

Both are vertically aligned
to expe rience the waves (Origin of earthquake) (90° angle at the surface).

4. Material Behavior: Different waves behave differently as they pass through different materials.
5. Recording: They are recorded by seismographs placed on the Earth's surface.
6. Analysis: Scientists analyze these records to learn about the interior.

WHAT DO SEISMIC WAVES REVEAL?

1. SPEED CHANGES ‘ 2. REFRACTION 3. REFLECTION 4, SHADOW ZONES
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Change in speed of | i
waves indicates | Waves bend when Some waves Certain areas on the

change in material they pass from one bounce back surface do not receive
(composition, medium to another when they meet some types of waves.
temperature, with different a boundary. These "shadow zones”
density). properties. give the strongest
evidence about the
Earth's interior.
A
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KEY DISCOVERIES ABOUT EARTH’S INTERIOR
Observation from Seismic Waves Inference
P-waves trave| fastest in the crust and slow Crust is rigid and cooler; mantle is
down in the mantle. less rigid and hotter.
S-waves slow down in the upper mantle Upper mantle is semi-solid (asthenosphere);
but speed up in the lower mantle. lower mantle iz more rigid.

P-waves slow down drastically and

. A ut: is liguid.
S-waves disappear in the outer core. SHb Cobw i

P-waves speed up again and S-waves
reappear in the inner core.

Inner core is solid.
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S-wave only pass solid state that’s why it Deviation of P wave in outer core prove medium
cannot pass beyond outer core, so it proved is different in outer core and inner core.
that outer core must be in liquid state and it

create S-wave

S-wave shadow zone
P-wave shadow zone

shadow zone.

How We Know the Layers of the Earth

Layer Nature / State Seismic Evidence
Solid P and S waves travel very fast.

Solid, but semi-plastic in upper Decreased in speed in upper mantle
part (asthenosphere)

Solid (more rigid than upper Speed up in the lower mantle.
mantle)
Liquid S-waves are absent; P-waves slow down

drastically and refract, creating a shadow
zone (103° —142°).

Solid P-waves speed up again, proving the
inner core is solid.

Conclusion

Seismic waves act as the natural x-rays of the Earth, unlocking the hidden world beneath us.
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