Plate Tectonics
Chapter 4

California Science Content Standards
Covered:

“Big Ideas”

» 3A: Students know the features of the
ocean floor that provide evidence of
plate tectonics

— Mid Ocean Ridges (ex. Mid Atlantic Ridge) via
sea floor spreading

— Paleomagnetism — Magnetic Striping
— Comparative Age of Rock in relation to location
— Seamounts, Hot Spot Volcanoes, Island Arcs

« 3B: Students know the three types of
plate boundaries and the structures
that form there

— Convergent Boundary — Subduction Zone ,
trench (Volcanoes)

— Divergent Boundary — Ocean Trench, Rift
Valley

— Transform Boundary — Strike/Slip Fault
(Earthquakes)
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Lecture 4.1
Continental Drift

» Theory of Continental Drift — Alfred
Wegener - 1912

— Continents once part of single
landmass — Pangaea

— During Mesozoic era, Pangaea broke
up, continents moved to present place
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Evidence for Continental
Drift
» Coastlines of continents appear to fit
together

* Fossil evidence

— Ex: Mesosaurus found in both South
America and Western Africa — both

continents must have been formed at one
time

Cynognathus  Glossopteris Lystrosaurus ~ Mesosaurus

America
Australia

Distribution of fossils across the southern continents of Pangea.
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Geologic Evidence for
Continental Drift

» Geologic Evidence - both rock type and
layers similar on different continents

— Ex: Rock found in Western Africa and Eastern Brazil
nearly identical

— Ex: Rock in Appalachian Mtns similar to that found in
Scotland and England

— Glacial Rock Deposits found on adjacent continents

basalt

lava

flows

sandstone

shale

Glossopleris

coal fossils
glacial
till

Similar layers of rock were formed in Antarctica, Australia,
South America, Africa, and India before Pangea broke apart.
Glossopteris fossils were found in the rocks on each
continent.
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Geologic Evidence for
Continental Drift

Antarctica | '

The distribution of glacial features can be best explained
if the continents were part of Pangaea.

Grooves carved by glaciers (shown by arrows) provided
evidence for contingntal drift. This diagram assumes the
continents were in their present-day locations.
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Sea Floor Spreading

» THE CONCLUSIVE EVIDENCE FOR
CONTINENTAL DRIFT

¢ Observation: The ocean floor near mid-ocean
ridges is very young compared to continents
¢ Mid Ocean Ridge — 175 Million y/o
« Continents — 4 Billion y/o
« As ocean floor moves away from mid ocean ridge,
magma fills in and becomes new rock —
s DIVERGENT BOUNDARY

Mid-ocean
ridge

Convention
Asthenosphere currents

srighted under notice appearing earlier n this work.
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Age of Ocean Crust
(Millons of Years Before Present)
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Big ldea Question #1

e What are the
four features of
the ocean floor
that provide
evidence of the
Theory of

Continental
Drift. Describe
each of the four
pieces of
evidence and
how each

relates to the
Theory of
Continental
Drift.
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How do we know plates
move away from each
other?

PALEOMAGNETISM
* As magma solidifies — iron in magma
aligns itself to the Earth’s magnetic field
» Since the Earth’s magnetic field has
reversed itself several times — with the
North & South Pole reversing positions
— the iron has also reversed orientation.

MHormal magnetic
polarity

Reverzed magnetc
polatity
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Paleomagnetism

* The ocean floor shows alternating
bands of magnetism caused by the
reversal of the poles

» With successive bands of rock with
alternating “polarity” the ocean floor
provides evidence of Continental
Drift

Marmal magnetic
polarity

Reversed magnetic
polarity
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new crust with normal
magnetic pattern

magma
generation

As magma solidifies along the ed%? of the oceanic plate
it preserves a magnetic record of the Earth's magnetic
field at that time. In this case, the north magnetic pole
is in the northern hemisphere.

new crust with reverse
magnetic pattern

zone of
magma
generation

It the magnetic pole is in the southern hemisphere, the
rocks record a reverse magnetic pattern.
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new crust with normal
magnetic patiem

zone of

magma
generation

As magma solidifies along the edge of the oceanic plate
it preserves a magnetic record of the Earth's magnetic
field at that time. In this case, the north magnetic pole
is in the northern hemisphere.

new crust with reverse
magnetic pattern

zone of
magma
generation

Time

If the magnetic pole is in the southern hemisphere, the
rocks record a reverse magnetic pattern.

new cmsl with normal
magnetic pattern

z0ne of
magma
generation

At the present time, rocks record a normal pattern because
the north magnetic pole is in the northern hemisphere.
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Lecture 4.2
Theory of Plate Tectonics

» The Theory of Plate Tectonics
describes:
— Movement of the continents

— ALSO the questions
¢ “Why do they move?” and
¢ “How do they move?”

Neth Ao : ” Eurasian plate
Eurasian plate Juan de Fuca M ortl erican plate
<=

aribbean plate
~ Philippine plate
. i ”
3 Coeo'phto\i T4 ; /
[ African plate
\ Wi Arabian plat
Australian plate ‘

Pacificplate

Antarctic plate otia plate
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Layers of the Earth

* 3 Main Layers

— Crust — aka LITHOSPHERE
¢ Oceanic & Continental Crust

— Mantle — aka Asthenosphere

- oceanic crust

rigid mantle

<-- asthenosphere --=<-- lithosphere --=

Quter layers of the Earth. Plates are made of
crust and rigid upper mantle.
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Lithospheric Plate
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Divergent Boundaries

* DV are site for magma deposition,
forming new LITHOSPHERIC
CRUST

» Center of DV — Rift Valley

Rift valley.
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Convergent Boundaries

* DIRECT COLLISION of two
lithospheric plates

» Denser oceanic crust SUBDUCTED
beneath lighter continental crust

* Ocean Trench forms at Subduction
Zone

volcan\ic (island) arc

/\ trench
r/llthosphere
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Volcanoes at
Convergent Boundaries

* Example: Mt. St. Helens

% Active
*° - volcano
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Island -Arc Volcanoes at
Convergent Boundaries

» Example: Hawaiian Islands

Island-Are Volcano

Ocean
Oceanic Crust
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Transform Boundaries

 Site of LATERAL MOVEMENT
* Example: San Andreas Fault

Continental
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What “Pulls” Plates
Around?

» Convection Current: Movement of a fluid
DUE TO UNEVEN HEATING

* Plumes of molten rock — magma — pull on
the “Tails” of subducted lithospheric plates

GONVERGENT TRANSFORM DIVERGENT CONVERGENT CONTIENTAL RIFT ZONE
PLATEBOUNDARY  PLATEBOUNDARY  PLATEBOUNDARY  PLATEBOUNDARY (YOUNG PLATE BOUNDARY)
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Flate Tectonics — Cascade Range

Cascade Range
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Big ldea Question #2

* Name the three types of tectonic
boundaries. DRAW a diagram of
EACH boundary type AND describe
each type in two to three sentences.
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Transparency #7
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Transparency #8

Rift valley.

Subduction

1ong Active
3" volcano
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Magma
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Continental
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Mid-ocean
ridge
Convention
Asthenosphere currents
yrightcd under notice appearing carlicr in this work.
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Crustal Age
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Digital Isochrons of the Oceau Floor
R.D. Muller, W.R. Reest, J -Y. Royer, LM, Cahegan, ]G, Sclater
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