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We wish to acknowledge the Traditional
Owners of the land on which we meet
today.

We also wish to pay our respects to Elders
past, present and future.
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* ATCO Australia
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* Energy Australia
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* Geological Society of South Australia
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* Geological Survey of Australia (VIC)
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In-kind support

* AusGeol.org — Virtual Library of Australia’s Geology
* Australian Geoscience Council

* Australian Museum

* Australian National University — RSES

* Australian Rare Earths Ltd

* Bureau of Meteorology

* Federation University Australia

* Geological Society of Australia

* Geological Survey of New South Wales

* Macquarie University

* Monash University

* OzMinerals

* Pyrenees Quarries

* Quantum Victoria College

* Rob Kirk Consultants

* Scienceworks

* Victorian Space Science Education Centre
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SPONSORS OF ROCK KITS TO SCHOOLS

& SCHOOL VISITS

SILVER PLUS

*BHP Olympic Dam
*South 32

BRONZE
Aeris Resources Ltd

Alkane Resources Ltd

Astron Corporation (Donald Mineral Sands)
Atmos Renewables (Cherry Tree Windfarm)
Aurelia Metals Ltd (Peak Gold Mines)
Australian Rare Earths Ltd

Ballarat Gold

Bengalla Mining Co (New Hope Group)
Dart Mining

Energy Australia

Glencore Coal

Gnomic Exploration Services

Haines Educational

H&S Consultants

iTech Minerals

Kalbar Operations

Kingston Resources Ltd (Mineral Hill)
Linex Pty Ltd

MACH Energy

Mercator Gold Australia Pty Ltd
Navarre Minerals

OZ Minerals

Providence Gold Minerals Pty Ltd
Squadron Energy

Stawell Gold Mine

Sydney Mineral Exploration Discussion Group (SMEDG)

Whitehaven Coal
WIM Resource

Yancoal
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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



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

With each School visit we offer a free rock and mineral check:

e To identify specimens no longer useful for teaching (e.g., pebbles, small specimens etc.)
e To identify any misplaced specimens or valuable specimens (for display only)

e To identify any hazardous material (e.g., asbestos, pitchblende etc.)
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TESEP Australian Critical Minerals Kit

2 boxes with 26 minerals:

«  Critical minerals

«  Metallic minerals

»  Rock forming minerals
«  Moh’s scale of hardness

 Online resources include:

Mineral Stories
» Questions for students

« 3D renders
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All TESEP webinars are recorded :ESEP:

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:
o A TESEP Certificate of Attendance (NESA Approved)

Please for news about forthcoming and new webinar series!



https://www.tesep.org.au/subscribe.html

Australian Curriculum v.9 (F-10) By

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

o Will follow as many other sub-strands as possible



https://v9.australiancurriculum.edu.au

Australian Curriculumv. 9 (2022):
Examples.

Year 10 (Earth and Space Sciences)

“They appreciate how energy drives the Earth system and how climate models simulate
the flow of energy and matter within and between Earth’s spheres”.

- Use models of energy flow between the geosphere, biosphere, hydrosphere and
atmosphere to explain patterns of global climate change (AC9S10U04).

- Explain how scientific knowledge is validated and refined, including the role of
publication and peer review (AC9S10H01).

« Investigate how advances in technologies enable advances in science, and how science
has contributed to developments in technologies and engineering (AC9S10H02).




Australian Curriculumv. 9 (2022):
Examples.

Year 10 (Geography)

“develop a range of questions for a geographical inquiry related to a phenomenon or
challenge”.

- planning an investigation of a phenomenon or challenge being studied at a range of
scales, using digital tools; for example, investigating the causes of human-induced
climate change at the global scale and its impacts on Australia, Bangladesh and/or a
Pacific Island country at the national scale (ACO9HG10S01)
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Climate in the news

Why teaching Climate Change is important
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Climate in the news ...

Why Climate Change Education (CCE) is important

CCE education is effective for promoting the knowledge component of climate literacy
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Climate change is due to many different processes operating on different time scales ...

some reinforce each other and some diminish each other.
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https://climate.nasa.gov/rails/active_storage/representations/redirect/eyJfcmFpbHMiOnsibWVzc2FnZSI6IkJBaHBBMzZPQWc9PSIsImV4cCI6bnVsbCwicHVyIjoiYmxvYl9pZCJ9fQ==--2d1634557c0374947eb27f8eb2ffce312dc4a3fc/eyJfcmFpbHMiOnsibWVzc2FnZSI6IkJBaDdCam9MWm05eWJXRjBPZ2wzWldKdyIsImV4cCI6bnVsbCwicHVyIjoidmFyaWF0aW9uIn19--308d105b858fde2aa7c2bd953e87f719e2dd73bb/co2-graph-072623.jpg?content_type=image/webp&disposition=inline
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Climate Science in the Curricula

Australian Curriculum v. 9 (Year 10)

Use models of energy flow between the geosphere, biosphere, hydrosphere and atmosphere to explain
patterns of global climate change (AC9S10U04)

Victorian Science Curriculum v. 2 (Year 10)

Carbon is cycled on Earth through key processes including photosynthesis, respiration, fire, weathering,
vulcanism and the combustion of fossil fuels; these processes change the composition of Earth’s
interrelated systems (atmosphere, biosphere, hydrosphere and lithosphere) over time (VC2510U10)

The dynamics of global climate change can be modelled and explained by examining the interactions
between greenhouse gas emissions and energy exchanges within and between Earth’s systems;
mitigating human-induced climate change requires addressing various activities including power

generation, deforestation, manufacturing, transportation, food production and resource consumption
(VC2S10U11)

Western Australian Science Curriculum v. 8.1 (Year 10)

Global systems, including the carbon cycle, rely on interactions involving the biosphere, lithosphere,
hydrosphere and atmosphere (ACSSU189)
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~ TESEP -
NSW 2026 Syllabus > Science 7-10 >  al
Stage 4> Observing the Universe > Space Science >
e Distinguish between climate and weather
e |nvestigate data to determine what trends are evident in the world’s climate
e Explain how the natural greenhouse effect influences global climate
Stage 5 > Environmental sustainability > >

* |dentify the characteristics of climate change

* |nvestigate and report on the consequences of climate change

e |nvestigate how satellites collect global data, including data on ocean temperatures, sea
levels, and forest and ice cover, and examine how this data is used to evaluate the impact of
climate change



https://curriculum.nsw.edu.au/learning-areas/science/science-7-10-2023/content/stage-5/fa4cd11113#cg-0963d33d-b9d4-415b-b6a1-cd50509dcd92

Teach Climate Change in Context

1. Compare recent changes over geological time

« Define
— Climate
— Weather
— Geological time

« Examine
— Known climate changes
— Sources of geological information
— Drivers of climate change (covered in episode 3)
— Specific climatic events




Teach Climate Change in Context

2. The term “Climate Change” is not the best description

Rocks tell us global climate changes over time

« Sometimes colder

— |ce ages
— Snowball Earth

« Sometimes warmer
— Polar dinosaurs
— lce free Earth
» Never constant over geological time

— Stable long enough to allow evolution
— Unstable enough to drive evolution




Teach Climate Change in Context

3. There are many compounding factors that control climate

What affects climate:

e Plate tectonics, volcanoes, ocean currents

e Cooling due to mountains ( )

« Solar activity (e.g., low activity = cooling)

e Greenhouse gasses: CO,, CHg4, H20

e Earth orbital parameters

e Evolution-biosphere

 Meteor impacts

e Galactic motion

« Human assisted: albedo, heat islands, GHG output, particulates

The oceans and their cycles also need to be understood



https://en.wikipedia.org/wiki/Carbonate%E2%80%93silicate_cycle#:~:text=On%20million-year%20time%20scales,the%20long-term%20carbon%20cycle.
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For moe nformation, visit space for cur climate:
www.esa.int/cdimate
ESA - Weather vs climate: What's the difference?

Weather (look out the window) vs Climate (weather of an area over time)
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https://www.esa.int/Applications/Observing_the_Earth/Space_for_our_climate/Weather_vs_climate_What_s_the_difference

Climate versus Weather

Annual rainfall across Victoria {with average rainfall in previous droughts compared with

long-term average)™
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https://public.wmo.int/en/programmes/global-observing-system
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- — TESEP —
Worldwide Weather Measurements -7 —

Showing ginnzl waathar stations mpnrting 1o the Worda Metooraloglcal Organization In diue are statinn= far
which SC% cf repcris are received. in green 43-90%. in yellow less 1nzr 15% and in red are silent statiors.
Sourcn Word vicreamloglea Organisatian

Silent stations are equiped non-operation stations.

What continents don’t provide the necessary data to measure regional climate change? Why?



https://www.researchgate.net/figure/Showing-global-weather-stations-reporting-to-the-World-Meteorological-Organisation-In_fig3_282362892
https://www.researchgate.net/figure/Showing-global-weather-stations-reporting-to-the-World-Meteorological-Organisation-In_fig3_282362892

Urban Heat Islands —: TESEP—'

LATE AFTERNOON TEMPERATURE

Rural Schuban Gornmercinl  Downtown Jiban Park Suburbar Rural
Residential Ras cantial Residential  Tarmiond

Urban Heat Islands — small scale climate change

High albedo, Low albedo,
low heat retention, low Co,  high heat retention, high CO-
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https://wp-prd.let.ethz.ch/WP0-CIPRF91243/chapter/urban-heat-islands-small-scale-climate-change/

Urban Heat Islands —: TESEP—"

LATE AFTERNOON TEMPERATURE

BT T T LTI T

Rural Schuban Gornmercinl  Downtown Jiban Park Suburbar Rural
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Urban Heat Islands — small scale climate change

Other than albedo, high heat retention and high CO;, what other factors can contribute to UHIs?



https://wp-prd.let.ethz.ch/WP0-CIPRF91243/chapter/urban-heat-islands-small-scale-climate-change/
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17th C

20th C

Scientists mark the start of modern
global record-keeping at roughly 137
years ago, in 1880. That’s because
earlier available climate data doesn’t
cover enough of the planet to get an
accurate reading, according to NASA.
Most weather stations were established
in the late 1800s.



https://www.whipplemuseum.cam.ac.uk/explore-whipple-collections/meteorology/early-thermometers-and-temperature-scales
https://www.whipplemuseum.cam.ac.uk/explore-whipple-collections/meteorology/early-thermometers-and-temperature-scales
https://www.carbonbrief.org/explainer-how-surface-and-satellite-temperature-records-compare/
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Remote Sensing Measurements ey
 Satellites in low orbit (100s kms) circle Earth 14 times a day

e Those in high orbit (36,000 kms) are geostationary: stay over the same point on the Earth

e Most electromagnetic emissions form the Earth can be measured from space

e Temperature can be measured using different parts of the electromagnetic spectrum

e \Water vapour at different levels of the atmosphere

e Sea level can be measured using laser altimeters

e Clouds, precipitation and water vapour

e Indirectly measure wind direction and speed

e Chemical composition (e.g., ozone)




Remote Sensing Measurements i -

Yieathar
Satellite
Qrblte

How do weather satellites work

First weather satellites were launched in 1959 (Vanguard 2)



https://weatherstreet.com/weatherquestions/How_do_weather_satellites_work.htm
https://weatherstreet.com/weatherquestions/How_do_weather_satellites_work.htm
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How surface and satellite temperature records compare

RSS and UAH (satellite data) differ to surface data



https://www.carbonbrief.org/explainer-how-surface-and-satellite-temperature-records-compare/

How we interpret the measurements (data) Z TESEP
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How surface and satellite temperature records compare

RSS and UAH (satellite data) use the same data, but different methods



https://www.carbonbrief.org/explainer-how-surface-and-satellite-temperature-records-compare/

Satellite measurements of
sea surface temperature
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https://www.esa.int/ESA_Multimedia/Images/2011/07/Sea-surface_temperature_from_ERS
https://www.esa.int/ESA_Multimedia/Images/2011/07/Sea-surface_temperature_from_ERS
https://www.esa.int/ESA_Multimedia/Images/2011/07/Sea-surface_temperature_from_ERS
https://www.esa.int/ESA_Multimedia/Images/2011/07/Sea-surface_temperature_from_ERS
https://www.esa.int/ESA_Multimedia/Images/2011/07/Sea-surface_temperature_from_ERS
https://www.esa.int/ESA_Multimedia/Images/2011/07/Sea-surface_temperature_from_ERS
https://www.esa.int/ESA_Multimedia/Images/2011/07/Sea-surface_temperature_from_ERS
https://www.nasa.gov/images/content/58369main_lstday_modism.jpg

Tropospnere

Lower Stratosphere
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Layers of Earth's Atmosphere | Center for Science Education (ucar.edu

Satellite measurements of atmospheric
temperatures (for the period of 1979-2016).


https://en.wikipedia.org/wiki/Satellite_temperature_measurements#/media/File:RSS_troposphere_stratosphere_trend.png
https://en.wikipedia.org/wiki/Satellite_temperature_measurements#/media/File:RSS_troposphere_stratosphere_trend.png
https://scied.ucar.edu/learning-zone/atmosphere/layers-earths-atmosphere

NOAA CarbonTracker
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Carbon Cycle (noaa.gov)

CarbonTracker is a global model of atmospheric carbon dioxide with a focus on North America,
designed to keep track of CO2 uptake and release at the Earth's surface over time.
Warm colours equals high CO; and cool colours equals low CO;

Notice that CO, goes down in summer growing season



https://gml.noaa.gov/ccgg/carbontracker/
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Geological Climate Measurements —TESER,
What are the ancient sources of temperature and climate?
« Rocks
— Red beds
— Tillites

— Some minerals

» Fossils
— Key families, genera, species
« Distributions

« |sotope ratios
o 16-180)(ygen
« Minerals, fossil hard parts and ice cores
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Remember the Principle of Uniformitarianism?

The present is the key to the past

Teacher Earth Science

www.tesep.org.au TESEP Education Programme Ltd



Geological Climate Measurements _ TESEP —

Direct evidence of climate change

Evaporites, such as halite, gypsum, anhydrite (hot, arid)
Red beds (hot, arid)

Tillites (cold, glacial)

lkaite, a hydrohalite (cold)

lkaite: an unusual carbonate mineral


http://commons.wikimedia.org/wiki/Image:Concretion_and_crystals.jpg
https://commons.wikimedia.org/wiki/File:Tillite_(Elatina_Formation,_Neoproterozoic;_Enorama_Creek_section,_Flinders_Ranges,_South_Australia)_20.jpg

Wirrina, South Australia- Sturt tillite from 800 million year old Snowball Earth glaciation.
Notice the clast or drop stones?
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FORMATION OF THE STURT TILLITE OF THE ADELAIDE GEOSYNCLINE
Extensive ice cap

Tillize is formed from rock flour and clasts, which
had been eroded from the Gawler Craton being
dropped by the melting of the ice shelf and icebergs

vl

gy V.

Very ancient basement rocks
of the Gawler Craton & other places

Burra Group

NOT TO SCALE

Wirrina, South Australia- Sturt tillite from 800 million year old Snowball Earth glaciation.




Halite, or rock salt, is an evaporite mineral

HIMALAYAN *
ROCK SALT |

DI NATIRLL B CRENMICAL FREL

The Salt Range in Pakistan, where you get Himalayan rock salt from was an evaporite basin 800Ma
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Climate proxies

Preserved data that can measured to interpret past climate (indirect evidence
for climate change)

Samples include:

e Fossil Stomatal Index in plants

e Oxygen and carbon isotopes, CO;and CH4 in ice cores
e Chemical ratios in the shells of marine organisms

e Tree ring growth

e Pollen

How Do We Know the Temperature On Earth Millions of Years Ago? » Science ABC



https://www.scienceabc.com/eyeopeners/how-do-we-know-the-temperature-on-earth-millions-of-years-ago.html

Plant Stomata



https://www.sciencefacts.net/wp-content/uploads/2021/01/Stomata-Diagram.jpg

— —
Stomatal Index —TESER,~

High
atmospheric

Low
atmospheric
CO3...

CO3...

stomata density.

...indicates low
stomata density.

...indicates high T

Using plant stomata to determine CO2 over the past 15,000 years



https://geocraft.com/WVFossils/stomata.html
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Stomatal proxy-based CO2 estimate of ~900ppm, using Australian fossil conifer leaves, is shown (red box) relative to
the Phanerozoic pCO2 obtained by the GEOCARB models (GEOCARB Il of Berner (1994) as adjusted in GEOCARB Il of
Berner and Kothavala (2001) (blue line with gray error envelope) and various additional proxies (green line)
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https://pdf.sciencedirectassets.com/273477/1-s2.0-S1342937X15X00025/1-s2.0-S1342937X13003043/main.pdf?X-Amz-Security-Token=&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20241023T023408Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTY3KKBCVKN/20241023/us-east-1/s3/aws4_request&X-Amz-Signature=beef3279c75ceb4425e68ddecb09bb789e83413fd75e3ddb78041c78e4973ffa&hash=2b231e786517cde14b018b7dc8542ae11ca8f8d2cd6874dfdae8364532c43e57&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1342937X13003043&tid=spdf-0cbbb6d1-9b56-4369-9330-98f1a824f278&sid=20a17c7b70e8084e3b5a7da788247f9f67d1gxrqa&type=client&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ua=0714590450055b51595d&rr=8d6e53888e59574b&cc=au
https://pdf.sciencedirectassets.com/273477/1-s2.0-S1342937X15X00025/1-s2.0-S1342937X13003043/main.pdf?X-Amz-Security-Token=&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20241023T023408Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTY3KKBCVKN/20241023/us-east-1/s3/aws4_request&X-Amz-Signature=beef3279c75ceb4425e68ddecb09bb789e83413fd75e3ddb78041c78e4973ffa&hash=2b231e786517cde14b018b7dc8542ae11ca8f8d2cd6874dfdae8364532c43e57&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1342937X13003043&tid=spdf-0cbbb6d1-9b56-4369-9330-98f1a824f278&sid=20a17c7b70e8084e3b5a7da788247f9f67d1gxrqa&type=client&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ua=0714590450055b51595d&rr=8d6e53888e59574b&cc=au
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Temperature — TESEP —
. . —" -‘_‘J
e Reliable thermometer measurements since 1850
o Reliable satellite measurements since 1970’s
e Oxygen isotope ratios-measure these in fossils, such as forams
e |ce cores
Tempersture of Planet Earth
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Source Wikimedia  Here's How Scientists Reconstruct Earth's Past Climates

Paleocene—Eocene Thermal Maximum (PETM, 58Ma) saw global temperatures rise between 5-8 oC, which cased a
mass deep-sea extinction that lasted 200,000 years. What will the predicted global temperature will be in 21007



https://www.smithsonianmag.com/blogs/national-museum-of-natural-history/2018/03/23/heres-how-scientists-reconstruct-earths-past-climates/#:~:text=The%20most%20common%20method%20for,neutrons%20are%20in%20its%20nucleus.
https://upload.wikimedia.org/wikipedia/commons/f/f5/All_palaeotemps.png

Foraminifera

e Microscopic single celled organisms that live in seawater

e Foram shells or “tests” contain a ratio of magnesium to calcium

e Seawater temperature affect the Mg/Ca ratio in the test

« Mg increases in warmer sea water (aragonite forms in warmer water)
e Fossil forams can be used as palaeothermometers!
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https://www.science.org/doi/10.1126/sciadv.add3584

— TESEP —
Figure 5 Examples of the abrupt climate change in Greenland P -
and the more gradual effects seen in Antarclica during the Last Glacial Period
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Over time ice traps bubbles, which can be measured for CO; and CHs, and show the progression of ice ages.



https://www.bas.ac.uk/data/our-data/publication/ice-cores-and-climate-change/
https://www.bas.ac.uk/data/our-data/publication/ice-cores-and-climate-change/
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Figure 7: 800,000 years of armaspharic GO, and CH,) as recarded in iea comes and atmaspharc sampling
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Thinnes annual rings
reflect yzars of lower
precipitation. Thicker
rings reflect years of

Trees respend to their enviroament.

:\:as wi: lots ;f p;cilaﬁ:nﬂ.h “Ment recent year
grow faster than in years wi groath f

less pracipitation. = -

Scientists build tree-ring chronoboges by starting with living trees and then finding progressively older
specimens—nduding archaselogical wood—whase outer rings overlap with the inmer rings of more-recent specimens,

Wood Cross Sections
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_ Proxy Data — Time Scavengers

Tree Rings

The thickness of tree
rings varies according to
precipitation



https://timescavengers.blog/introductory-material/what-is-paleoclimatology/proxy-data/

Pollen ~ TESEP

Ancient pollen can be compared to living species

e Living species tell us about climate

e Pollen is preserved in lakes, bogs and marine environments
e Pollen can be problematic because species adapt over time
e Pollenis also light and can move over great distances
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Proxy Data — Time Scavengers



https://timescavengers.blog/introductory-material/what-is-paleoclimatology/proxy-data/

Oxygen |sotopes — TESEP_-:

_a—

5180

One useful isotope for reconstructing past climates is oxygen-18. It is another
stable isotope of oxygen along with oxygen-16, and its incorporation

into water and carbon dioxide/carbonate molecules is strongly temperature
dependent. Higher temperature implies more incorporation of oxygen-18, and
vice versa. Thus, the ratio of 180/160 can tell something about temperature.

«  Measuring §°0 is a proxy for global temperature

-> Astheratio for glacial ice decreases, the ratio for ocean water increases
-> As the ratio for glacial ice increases, the ratio for ocean water decreases

-> As atmospheric temperature decreases, the 180/160 ratio for glacial ice decreases and
the 180/160 ratio for ocean water increases

-> As atmospheric temperature increases, the 180/160 ratio for glacial ice increases and the
180/160 ratio for ocean water decreases

-> Measure ratio in glacial ice to create a temperature vs time profile
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