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All TESEP webinars are recorded

After each webinar episode you will be sent a link with:

e access to the slide set for that episode (including any
embedded videos and links)

e access to a recording of that episode (YouTube)

After each episode you will also be sent:

e A Certificate of Attendance (NESA approved PD Provider)

Please for news about forthcoming and new webinar
series!



https://www.tesep.org.au/subscribe.html
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Australian Curriculum v.9 (F-10) [

We will be following the Australian Curriculum v.9 (2022):
e Curriculum content for Years 7-10 only

e Focus on the Earth and Space science sub-strand

e Will follow as many other sub-strands as possible



https://v9.australiancurriculum.edu.au

Australian Curriculum v.9 (F-10) P o S

Much of this webinar is dedicated to Year 8, “... continue to develop
a view of Earth as a dynamic system, in which change occurs across

a range of timescales”.

Rocks and Minerals for the classroom, and Plate Tectonics webinars
cover this fully.

This webinar Series will follow the following sub-strands:

gig


https://v9.australiancurriculum.edu.au
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Australian Curriculum v.9 (F-10) P o =

Year 8

» Explain how new evidence or different perspectives can lead to changes in scientific
knowledge (AC9S8HO1) - Covered in episodes 1, 2 and 5.

» Investigate tectonic activity including the formation of geological features at divergent,
convergent and transform plate boundaries and describe the scientific evidence for the

theory of plate tectonics (AC9S8U03) - Covered in episodes 3-6.

- Develop investigable questions, reasoned predictions and hypotheses to explore scientific
models, identify patterns and test relationships (AC9S8I01) - All episodes

» Describe the key processes of the rock cycle, including the timescales over which they
occur, and examine how the properties of sedimentary, igneous and metamorphic rocks

reflect their formation and influence their use (AC9S8U04) - Covered in episode 3

https://v9.australiancurriculum.edu.au/

SR AN R 8



https://v9.australiancurriculum.edu.au
https://v9.australiancurriculum.edu.au/

Australian Curriculum v.9 (F-10) By

Episode 1 (AC9S8UO03)

- modelling interactions at plate boundaries

- investigating the relative significance of different forces involved in tectonic plate
movement including slab pull, ridge push and convection

https://v9.australiancurriculum.edu.au/



https://v9.australiancurriculum.edu.au
https://v9.australiancurriculum.edu.au/
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TESEP Rock Kit and Plate Tectonics Poster :ESEP:

Plate Tectonics: The reason for the Challenging Earth

A great to teach where rocks form and the industries that extract and use them.

Get them from haines.com.au or host a PD at your school!

You can also get them as a bundle

SR AN R 8



https://www.haines.com.au/australian-rock-kit-for-schools-by-tesep.html
https://www.haines.com.au/plate-tectonics-poster-by-tesep.html
http://haines.com.au
https://www.tesep.org.au/workshops.html
https://www.haines.com.au/australian-earth-sciences-bundle-by-tesep.html
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TESEP Rock Kit and Plate Tectonics Poster :ESEP:

Plate Tectonics: The reason for the Challenging Earth



https://www.haines.com.au/australian-rock-kit-for-schools-by-tesep.html
https://www.haines.com.au/plate-tectonics-poster-by-tesep.html
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Background
Plate tectonics is a fundamental process on Earth.

It explains the distribution of different rocks, minerals and fossils through geological time,
the occurrence of natural hazards like volcanic eruptions and earthquakes, and landforms.

But how does it work?

How did we learn about it?

What are the impacts on life on Earth?
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Critical Minerals PD overview

This PD has 6 episodes:

How plate tectonics work

History of the plate tectonic theory
Rocks, minerals and resources
Magmatism and volcanoes

Tectonics and landforms
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Natural hazards
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What is plate tectonics?

The term refers to how the Earth’s surface is built of plates.
« In geology, a ‘plate’ is a large, rigid slab or rock.

e ‘Tectonics’ comes from the Greek work root ‘to build.

The theory of plate tectonic states that the Earth's outermost layer is
fragmented into a dozen or more large and small plates

o That are moving relative to one another as they ride atop hotter, more
mobile material.

The ‘theory of continental drift” was the forerunner to the theory of plate
tectonics.

Source: Historical per: tive [This Dynamic Earth,



https://pubs.usgs.gov/gip/dynamic/historical.html

Are there any new discoveries in Plate tectonics? Mantle Waves

BlB|C

Mystery behind major landforms
solved, scientists say
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Researchers from the University of Soathampton stucied the creation of steep slopes
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https://www.bbc.com/news/articles/cy849xnrmkjo

What is plate tectonics?

There is also some myth busting due to new models and evidence:

« What drives plate tectonics?

e Isthe mantle a liquid or a solid?

We will cover these two questions in this episode.




What are plates?
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https://media.cheggcdn.com/media/a22/a22fbf6a-6c00-4c9d-8651-6420e2f0967f/phpaQCmzk.png

What are plates?

Continental Plates Oceanic Plates

Granitic (Si, Na, K, Al) Basaltic (Fe, Mg, Ca)

Average Density: 2.6g/cm3 Average Density: 3.0g/cm3
Average Thickness: 30km (0-75km) Average Thickness: 6km (0-10km)
Age range: 0-4 Billion years Age range: 0-340 Million years
Continental plates are lighter Oceanic plates are denser

If they collide, what is likely to happen?
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What are plates?

Continental Plate rocks Oceanic Plate rocks

Granite Basalt

Source
Source -



https://www.geologypage.com/2019/05/granite-rocks.html
https://www.sandatlas.org/basalt/

What are plates?

Source 9 20 40 50 B0 10C 120 140 160 180 200 220 240 20 280 20D 320 340
Age of Oceanic Crusl [m.yrs.]



https://www.earthbyte.org/category/resources/data-models/seafloor-age/

Plate tectonics

o The tectonic plates are the ‘outer skin’ of Earth — they interact in three ways:
e Convergent* (come together) — volcanoes and earthquakes
e Divergent (move away) — volcanoes and earthquakes

e Transform (slide past) — earthquakes only.

Source: BC open textbooks




Plate tectonics

e The tectonic plates are the ‘outer skin’ of Earth — they interact in three ways:

There are two different types of convergent plate margins**

» Part of the Pacific plate is obducting the Australian plate

obduction

_—\\—_——R oceanic
plate

conlinental —— ———
plate --ii'p- ,f!‘!!!Il_

vamna
s/ r
Source /



https://opengeology.org/petrology/13-metamorphism-of-mafic-rocks/

Plate tectonics

o The tectonic plates are the ‘outer skin’ of Earth — they interact in three ways:
« Convergent margins have different types of subduction (e.g., flat-slab, oblique, etc.)

« Flat-slab subductions do not result in roll-back or trench-suction/mantle wedge

(a) Skab subduction beneath continental lithosphere

Ozeanic plate

Asthenosphere

Asthenosphera

\

-



https://www.researchgate.net/figure/Cartoons-showing-the-coupling-relationship-between-the-subducting-slab-and-the-mantle_fig1_291390977

Plate tectonics

Rates of movement (cm)

-— Abscluie plate motions == Relative plate metons
(5.5 vin pr vear)

Obduction highlighted in yellow; flat-slab subduction highlighted in orange



http://geologylearn.blogspot.com/2016/02/what-drives-plate-motion-and-how-fast.html

African Rift Valley

/' \\\

Red Sea
b
’ Himalayas f
Atlantic Ocean Wy

Southwest Pacific /

a. Rift-to-drift phase, initial opening of an oceanic basin; b. Seafloor spreading; ¢
Widening of the basin; d. Subduction of oceanic plate, closure of the basin; e.
Continent-continent collision; f. Continent erodes, thinning the crust

Source: : File:Rock cycle in Wilson le.png - Wikimedi mmon.
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https://commons.wikimedia.org/wiki/File:Rock_cycle_in_Wilson_Cycle.png

Volcanoes and plate margins

Volcanoes

Hot spots (present locations)
“Ring of Fire” 3,000 km
Earthquake zone

A

)
=
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H-l Spreading zone
+sis Subduction zone
<) Collision zone

~—~ Dther plate boundaries



http://science8sc.weebly.com/patterns-of-volcanoes.html

Earthquakes and plate margins
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https://www.nps.gov/subjects/volcanoes/plate-tectonics-and-volcanoes.htm

Plate Tectonics: The reason for the Challenging Earth
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What drives plate tectonics?

The mantle is below us for 3000km!

 The temperature and pressure of the mantle increase with depth.

* Temperature ranges from Crust 0-100 km

Lhic< =

-
-
-


https://www.nationalgeographic.org/encyclopedia/mantle/#:~:text=The%20temperature%20of%20the%20mantle%20varies%20greatly,%20from,geothermal%20gradient%20is%20a%20measurement%20of%20this%20increase.

What drives plate tectonics?

Traditional theory is that convection cells in the mantle is the driver of plate tectonics

e Hot material rises and cold material sinks

* Debate over whole of mantle or layered convection.

However - this theory is now outdated but still commonly used.



https://qph.fs.quoracdn.net/main-qimg-2357448e0009ae25d18c27223114032f
https://www.nationalgeographic.org/encyclopedia/mantle/
https://res.cloudinary.com/adrenalinecomau/image/upload/q_auto/v1558527058/adventures/eps_4375.jpg

What drives plate tectonics?

Current models suggests a gravity-driven convection system drives plate tectonics. Plate
motion is driven by a combination of 4 main forces, rather than convection alone.

e Why?

e Current models suggest that the tectonic plates move quicker than mantle convection

e \WWhat, then, is driving plate tectonics?

1. Think of a heavy tablecloth on a dinning room table ...

force .
- 5 l gravity




Source

THTq YT



https://www.cscs.ch/science/earth-env-science/2012/plate-tectonics-modelled-realistically

What drives plate tectonics?

1. Slab pull

The slab (lithosphere) is denser than the underlying mantle (asthenosphere), which
enough to pull the rest of the plate into the mantle via gravity

Simple model

Source
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https://quizlet.com/explanations/questions/construct-and-label-a-model-that-shows-the-processes-of-ridge-push-and-slab-pull-35663a85-5e2b1573-0e46-4328-9951-3bd523f1bd78

Plate tectonics

Rates of movement (cm)

- Aoccluie plate motions  =—= Relative plate metons
(5.5 vin per vear)



http://geologylearn.blogspot.com/2016/02/what-drives-plate-motion-and-how-fast.html

What drives plate tectonics?

2. Trench (Slab) Suction

The subduction plate creates a small isolated convection cell in the mantle wedge. This
creates an addition force and speed up subduction.

—

Trench Suction

Simple model

Source



https://quizlet.com/explanations/questions/construct-and-label-a-model-that-shows-the-processes-of-ridge-push-and-slab-pull-35663a85-5e2b1573-0e46-4328-9951-3bd523f1bd78

What drives plate tectonics?

3. Slab Roll-back
Subduction creates a small convection cell under the slab. This creates an addition force.

Simple model

Source



https://quizlet.com/explanations/questions/construct-and-label-a-model-that-shows-the-processes-of-ridge-push-and-slab-pull-35663a85-5e2b1573-0e46-4328-9951-3bd523f1bd78

What drives plate tectonics?

3. Slab Roll-back
Subduction creates a small convection cell under the slab. This creates an addition force.

The cause of slab rollback

Br3> P> By

Simple model

Source



https://quizlet.com/explanations/questions/construct-and-label-a-model-that-shows-the-processes-of-ridge-push-and-slab-pull-35663a85-5e2b1573-0e46-4328-9951-3bd523f1bd78

What drives plate tectonics?

Current models suggests a gravity-driven convection system drives plate tectonics
Facts
e The upward movement of the mantle pushes against the thin divergent plate margin

e The mid-oceanic ridge (and mantle) is higher than the surrounding oceanic plate

2. Think of glass filled with honey and water. Now tilt the glass so you get a wedge of
honey on one side and place it back on the table again.

gravity
water f\o@@

honey



https://openpress.usask.ca/app/uploads/sites/29/2017/11/Earthquakes_and_plates.png
https://www.iris.edu/hq/inclass/animation/what_are_the_forces_that_drive_plate_tectonics

What drives plate tectonics?

4. Ridge push

The mantle (asthenosphere) is higher at the ridge, which enough to push the rest of the
plate sideways via gravity.

Source



https://quizlet.com/explanations/questions/construct-and-label-a-model-that-shows-the-processes-of-ridge-push-and-slab-pull-35663a85-5e2b1573-0e46-4328-9951-3bd523f1bd78

What drives plate tectonics?

Plate motion is driven by a combination of 4 main forces*, rather than convection alone

1. Slab Pull

2. Trench or Slab Suction (speed up subduction)
3. Plate Roll-back (speed up subduction)

4. Ridge Push

Source

Want more information?



https://public.websites.umich.edu/~gs265/tecpaper.htm
https://www.files.ethz.ch/structuralgeology/jpb/files/english/1introtecto.pdf

What is the Mantle made of?

The Mantle Mantle rocks
Peridotite (Fe, Mg rich, Si poor) Peridotite

Dominantly olivine
Contains chromite, pyroxenes

Average Density: 3.2g/cm3

Mantle is solid (under high P/T)

Source

B AR AN R



https://geologyscience.com/rocks/igneous-rocks/peridotite-dunite/

Hot spots

Mantle plumes provide upwelling of magma to form hot spot volcanoes.

Plume head
Lithosphere

t
Upper mantle E-70lkm

L T 2,900 km
ower mantle
Large
igncous
provinces
: / \ Outer core

Inner core



https://media.nationalgeographic.org/assets/photos/322/676/f2c138e5-92d8-4fc3-a459-bea5600a4b88.jpg

Hot spots

The mantle plume that forms the hot spot is stationary

o As atectonic plate moves over the hot spot, a chain of volcanoes forms

e e.g. Hawaiiand ...

S civen
ir millions of
vears
Source: TASA Graphics Arts, inc jian- ig.j x

O 2000 Tosn Graprie 8 e



http://clarkscience8.weebly.com/uploads/2/6/3/7/2637711/hawaiian-hotspot_orig.jpg

Hot spots

Source

Eastern Australian Hotspot is the longest in the world

v



https://www.australiangeographic.com.au/topics/science-environment/2020/06/secrets-of-earths-geological-past-lie-within-a-chain-of-ancient-volcanoes-stretching-from-queensland-to-victoria/

How long has plate tectonics been happening?

Earth is ~4,600,000,000 years old
o 4.6 Ga(Ga = a billion years)

Plate tectonics can be demonstrated since ~2.2 Ga

A different tectonic mode before then as the mantle was much hotter

o The crust and upper mantle (the lithosphere) possibly formed a single
unbroken plate.

o With time the lithosphere broke into plates.

o Denser material sank into the mantle, and the plates began to recycle by
subduction.

Source: When

earthmagazine.org
Annual Review of Earth and Planet. ien nnualreviews.or.

and how did plate tectonics begin on Earth
Brown et al. 2020 (Plate Tectonics and the Archean Earth



https://www.earthmagazine.org/article/when-and-how-did-plate-tectonics-begin-earth
https://www.annualreviews.org/doi/10.1146/annurev-earth-081619-052705

Plate tectonics: movements over the last 400 million years



https://www.youtube.com/watch?v=RyKWiEaBALk

Plate tectonics: what about in another 250 million years?

EARTH IN
250 MILLION YEARS



https://www.youtube.com/watch?v=hos7w8xrcEs

Do volcanoes and earthquakes occur on other planets?

e Volcanoes on Mars are the result of mantle plumes
« No evidence of plate tectonics
o Asaresult, the volcanoes are huge.
o Olympus Mons on Mars is the biggest volcano in the solar system

o Three times higher than Mt Everest!

« ‘Moonquakes’ can be caused by tides (gravitational stress), meteorite impact
or thermal energy (NASA).

DLELS MOKS
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http://proseth.com/AMars/VALMONS2copy.jpg
http://proseth.com/AMars/VALMONS2copy.jpg
http://proseth.com/AMars/VALMONS2copy.jpg
https://smbhax.com/stuff/_apollo11_seismometer1.jpg
https://smbhax.com/stuff/_apollo11_seismometer1.jpg

Activity: plate tectonics

World elevation map that shows the shape of the major tectonic plates. Physical print in colour for
giveaway. When completed the 'Tectonic Plates Jigsaw Puzzle' will fit on a desk. Suitable for primary
Years 5-6 and secondary Years 7-12.

Help students visualise plate boundaries on a spherical Earth, rather than on a flat map. The model
shows major plate boundaries, boundary types and highlights our own Indo-Australian plate.
Ready to cut out and construct (tennis ball required). Assembly instructions included.

Suitable for primary Years 5-6 and secondary Years 7-12

Plate Tactonic !9&% "'lQ }“‘ ? 5:’

INSTRUCTIONS
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Summary

The theory of plate tectonic states that the Earth's outermost layer is
fragmented into a dozen or more large and small plates

« That are moving relative to one another as they ride atop hotter, more
mobile material.

Gravity-driven convection systems (i.e., Slab Pull, Trench Suction, Plate Roll-back
and Ridge Push) are the main drivers of plate tectonics (rather than mantle
convection alone)

3 types of margins — convergent, divergent and transform

Volcanoes and earthquakes are more common along plate margins




