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      Dates

Term 2

23 April                     Climate – The Story in Ice Cores 

30 April                     Geology

7 May                         Climate – The Story in Ice Cores (2)

14 May                      Geology

21 May                      Climate – Climate and Human Evolution

28 May                      Geology

4 June                        Climate – The Holocene (“Recent” Past) 

11 June                     Geology

18 June                     Climate – El Niño/La Niña
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https://www.bom.gov.au/news-and-media/severe-tropical-cyclone-narelles-journey-
across-northern-australia

TC Narelle is the second system, after Severe Tropical Cyclone Ingrid in 2005, to make 
landfall as a severe tropical cyclone (category 3 or stronger) in Queensland, the 
Northern Territory, and Western Australia since reliable intensity records began in 
1980-81.
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https://www.transport.wa.gov.au/marine/charts-warnings-current-conditions/coastal-
data-charts/tide-data/exmouth

The top graph shows the recorded height and the astronomical tide prediction. The 
bottom graph just shows this difference, the storm surge, which peaked about 3 
metres. The peak occurred around the time of a (not very) high tide.  





Cyclone Vaianu developed near Fiji and 
intensified into a category 3 tropical cyclone 
before transitioning into an extratropical 
cyclone as it moved south. Vaianu's gradual 
weakening meant that New Zealand was going 
to be hit a category 1 cyclone. 

On Saturday 11th, impacts of Vaianu 
started to be observed over New 
Zealand's North Island, with up to 
100mm of rainfall observed locally in 
elevated areas of Northland, 
Coromandel and Eastland. 

ne. Eastland 











“Argo of the sky”









Network on 31 March 2026



Impact:
• Small but positive impact on computer forecasts
• Promising results on forecasts for the tracks of tropical cyclones. 



https://www.theguardian.com/world/2026/apr/15/cherry-blossom-1200-years-japan-climate-
scientist-yasuyuki-aono



Ice Cores in Greenland

Paul Mayewski was the leader of the 
US National Science Foundation’s 
Greenland Ice Sheet Project Two 
(GISP2) 

The drilling reached bedrock on 
1 July 1993.
 
At that stage it was the longest 
environmental record – and the 
longest possible in the northern 
hemisphere.



https://www.antarcticglaciers.org/glacier-

processes/mass-balance/firn-and-firn-aquifers/

If snow lasts through the year it 
begins to transform. The weight of 
new snow on top compacts it, 
slowly squeezing air out and 
changing the shape of the 
snowflakes into pointy grains of 
snow.

Under enough pressure, these 
pointy snow grains are forced into 
closer and closer contact, forming 
a mesh of grains with an uneven 
but connected air space, known as 
firn.

Firn may exist for 100-300 years 
before being transformed into 
glacial ice, but in some very cold 
and dry regions of Antarctica,  
firn can exist for up to 2000 years 
before transforming into glacial 
ice.



The ice layer is isolated from the air 
above.

Any bubbles trapped in the ice date back 
to the time when the ice formed.

Can count the layers – annual cycles, or 
any layers of dust.

Where annual snowfall is lower the layers 
are narrower, but a given length column 
covers a greater time interval.



Problems with Ice Cores

• Remoteness
• Logistics
• Storing and transporting the ice cores
• Counting the layers and dating 

➢ some automation using electrical conductivity variations.  
➢ distortion and possible folding where ice moves over underlying rocks – 

especially near the bottom of the hole.
• Adjustment for when the snow was finally closed off from atmosphere. 

➢ Could be a few hundred to a thousand years offset between the gas bubble 
and the temperature when it fell. 

• What is under the ice?
➢ Vostok – identified a lake below the ice so they stopped 100 m from bottom to 

prevent contamination of the lake with contemporary bacteria, etc.

There is a lot of interest in the deep ice cores that go hundred of thousands of years 
back in time. However, areas where snowfall is greater and the cores are shallower 
are also useful for studying more recent times.

Video from Dr Nerilie Abram – at that time with the British Antarctic Survey but now 
is Chief Scientist at the Australian Antarctic Division.
What do Antarctic ice cores tell us about climate change?
https://www.youtube.com/watch?v=VjTsj-fi-p0 
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Three types of  information from ice cores: 

1. Solid and dissolved impurities in the snow. 

➢ Aerosols - traces of dust, salts from the ocean, and from human 
activities, volcanoes and forest fires. 

➢ used to detect major environmental changes as well as variations in the 
chemistry and circulation of the atmosphere.

2. Bubbles of air trapped in glacier ice.

➢ time-capsules of the atmosphere when they were trapped.

3. Information comes from the frozen water itself – such as isotopes of hydrogen 
and oxygen.

➢ to infer temperatures when the snow originally fell
➢ thickness of layers gives information on precipitation (snowfalls)
➢ Beryllium-10 concentration relates to cosmic rays, and solar activity.

https://www.antarctica.gov.au/about-antarctica/weather-and-climate/climate-change/ice-cores/
https://scied.ucar.edu/learning-zone/how-climate-works/ice-cores-tell-story-climate
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Some history

• Drilling into the ice dates back to Greenland expeditions in the 1930s
• Greater focus in the International Geophysical Year (1956-7) in both Greenland 

and Antarctica.
• The “Camp Century” story – Cold War tunnels in Greenland
• Push for deep drilling Greenland and Antarctic ice sheets from late 1960s
• Initially cores were extracted where bases were – later more strategic focusing on 

deepest parts of ice sheets.

Greenland
• 1986 – mid 1990s Teams from US and Europe –drilling holes 30 km apart near the 

summit of the ice cap. 

• Independent double-checking – to make sure that any features were real and not 
just distortions from natural flow of the ice sheet.
➢ US - Greenland Ice Sheet Project Two (GISP2) 
➢ Europe – Greenland Ice Core Project (GRIP)

• Each core 3km long dating back 110,000 years.



Camp Century is an abandoned Arctic United States military 
scientific research base in Greenland. When built, it was 
publicized as a demonstration of affordable ice-cap military 
outposts and a base for scientific research.

According to documents declassified in 1996, Camp Century 
was a preliminary camp for Project Iceworm, whose goal was 
to install a network of nuclear missile launch sites that could 
survive a first strike. Missiles were never deployed at the 
facility, and the Danish Government was never approached 
for its consent.  

The camp operated from 1959 until 1967 - 21 tunnels, total 
length of 3.0 km, powered by a nuclear reactor.

Project Iceworm was aborted after realization that the ice sheet was not as stable as 
originally thought, and so the missile basing concept would not be feasible. The reactor 
was removed and Camp Century later was abandoned. However, hazardous waste 
remains buried under the ice and has become an environmental concern. (Wikipedia)

So, US interest in Greenland does go way back!



(Wikimedia Commons)

Camp Century Layout

Metal arches being placed over a trench 
to form a tunnel.



However, a 1.4 km core of ice was drilled over five years. Drilling reached the bed of 
the ice sheet and also recovered a 3.4 metre-long core of subglacial sediment.

https://blogs.egu.eu/divisions/cr/2022/01/28/camp-century-bottom-ice/

The Camp Century ice core stimulated ice core science. Analysis of oxygen isotopes 
generated an unprecedented record of Earth’s temperature over the last 100,000 years.

17 metres of debris-rich basal ice and the 3 metres of subglacial sediment – were not 
completely studied although finding that sediment meant that northwestern Greenland 
was ice-free at some point in the “Ice Age”. 
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• In the early 1990s the core was sent to the University of Copenhagen, where the 
samples remained frozen but forgotten.

• 2017 – Rediscovered and analysed with modern techniques.

“To our surprise, the sediment was filled with delicate twigs, leaf tips, and woody 
material  .. the presence of plant fossils meant that this sector of northwestern 
Greenland was ice-free and vegetated in the past. But when was the ice gone and what 
ecosystem emerged?

We determined that … the ice sheet was absent, within the last million years. The 
lower-most sediment is much older, possibly buried since 3 million years ago.”

The sediments are significant as the ice cores only go back 130,000 years.



Antarctica
Drilling in many locations but the deepest cores come from 
the Plateau.

Vostok
• lower snowfall than Greenland
• Russian base but US and France joined in drilling
• 1970s drilled to about 1 km depth with further drilling 

from 1980s to 1996
• 3.6km depth covering 420,000 years. 

European Project for Ice Coring in Antarctica 
(EPICA)
• Concordia Station on dome C  from 1996-2005
• Drilling completed in December 2004, reaching 

a depth of 3270.2 m, 5 m above bedrock. 
• Dates back 800,000 years
• Present-day annual average air temperature is 

−54.5 °C and snow accumulation 25 mm/yr.



Ice cores from Mountain Glaciers
• late 1970s onwards pioneered by Lonnie Thompson Ohio State Uni.
• generally shorter period of record but important for studying impact of climate 

events up to about 25,000 years ago 
• Records from tropical glaciers may be short (e.g. 1500 years) but can give 

information on impacts on societies (e.g. Central and South American civilisations) 
on wet periods and dry periods, volcanoes.

• Record altitude – 1997 in Tibet 7,200 m above sea level.
• Provide global coverage. 

Ice preserves all information from the 
time when it was deposited. 
• A spike in lead pollution during the 

Roman Empire
• A drop in pollen due to collapse of 

farming during the Black Death
• radioactive cesium from Chernobyl
• Black carbon and the sugars from 

burned cellulose from forest fires. 

https://e360.yale.edu/features/glacier-
melt-ice-cores-artifacts-meteorites

A 1,200-year-old birch distaff found near the shrinking 
Lendbreen ice patch in Norway.
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Temperature record from the GISP2 ice core in Greenland



Temperature (blue) and dust flux (red) from the EPICA Dome C ice core

Lovejoy, Shaun & Lambert, Fabrice. (2019). Spiky Fluctuations and Scaling in High-Resolution EPICA Ice Core 
Dust Fluxes. Climate of the Past Discussions. 1-33. 10.5194/cp-2018-171. 



What have they found?

• Similar pattern to sediment cores but more detail

• Long period cycles – glacial/interglacial periods.

• Most of the time it is in the cold phase

• The warm phases are generally short

• Sharp transitions from cold to warm (Abrupt Climate Change Events)
➢ Up to 6 degrees warming in a few years!

• Dust layers
➢ Indicators of windiness and aridity
➢ anti-correlated with temperature
➢ most dust at the coldest times of glacial periods indicating a 

cold and arid climate (contributor to deep soil in eastern 
Australia?) 

• Close correspondence between temperature and carbon dioxide 
concentrations.









Although it is not clear from this chart there is general agreement that 
temperature changes precede CO2 changes during the rising phase and 
CO2 lags temperature by a larger amount during the falling phase.



https://www.antarctica.gov.au/science/climate-processes-and-change/antarctic-

palaeoclimate/million-year-ice-core/
(video in this article).

Australian Antarctic Division Million Year Ice Core Project.

Australian and a European team (Beyond EPICA Oldest Ice) are leading drilling 
operations, about 50 km apart at Dome C North and Little Dome C, respectively. 
• independent ice cores for replication and verification of the data especially from 

the very oldest ice near the bedrock.

Key features of the Dome C North site:
• 3239 metres above sea level
• Ice thickness 3,100 metres above bedrock
• undisturbed layers, with a smooth and minimal ice flow path to the site
• a maximum modelled age of up to 2 million years, preserved at a time resolution 

of better than 20,000 years per metre.

Drilling commenced in in January 2025.

In 2025 the European team had extracted a 2.8 km core dating back 1.2 million 
years.
https://polarjournal.net/beyond-epica-oldest-ice-1-2-million-years-of-climate-
history-unearthed-in-oldest-ice-core/
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https://polarjournal.net/beyond-epica-oldest-ice-1-2-million-years-of-climate-history-unearthed-in-oldest-ice-core/




https://youtu.be/cCwbWtgXJR4

https://www.antarctica.gov.au/science/climate-processes-and-

change/antarctic-palaeoclimate/million-year-ice-core/

https://youtu.be/cCwbWtgXJR4
https://youtu.be/cCwbWtgXJR4
https://youtu.be/cCwbWtgXJR4
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