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      Dates

Term 2

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



‘The stagnant pattern is due to a stationary 
"blocking high" in the Tasman Sea.’

https://www.abc.net.au/news/2026-04-
25/australia-weather-forecasts-suddenly-identical-
each-day/106603146

Once a strong high has stalled, it helps to divert the very jet stream that split to cause the high's 
formation. With both systems now reinforcing each other, blocks have the potential to last for a 
week or more.
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May





Finding Past Weather Data on the BoM web-site

https://reg.bom.gov.au/climate/

https://www.bom.gov.au/weather-and-climate/past-weather-and-climate
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How fast did India move?

https://www.earthdate.org/episodes/fast-moving-india

And Australia now?

Typically, about 7 cm per year 

https://seasia.co/2024/02/14/tectonic-tango-australias-
journey-toward-indonesia-7-centimeters-closer-each-year
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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. 

These pointy snow grains are 
forced into close 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. 



The ice layer is isolated from the air 
above.

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

The layers show annual cycles, or any 
layers of dust.

Ice flows – even on the ice caps.

e.g. Antarctica has had ice cover for the 
past 34 million years, but the oldest ice 
found so far is about 1 million years old. 
The current Australian Antarctic Division 
project hopes to find a core dating back 2 
million years.



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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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.



Temperature record from the GISP2 ice core in Greenland



Ice Chronicles Fig. 3.2

“How the Greenland ice cores 
transformed our view of 
climate change.” 

Top: typical view in 1992 of 
temperature change based on 
analysis of sediment cores 
from lakes and the ocean. 

Upper middle: Greenland ice 
core data based on Oxygen-18

Lower middle: Sea salt 
concentration indicating 
windiness over oceans.

Bottom: Ammonium levels 
indicating biomass. Extreme 
spikes indicate burning 
events.



Some History 
Early 19th century – some researchers interpreted features in the Alps as evidence that 
the earth’s climate must have been much colder some time in the past and that ice 
had covered much of the northern hemisphere.     

e.g. “Erratic boulders” in Alpine regions; scratch marks on rocks; glacier debris.

The name most commonly associated with making the idea widespread was Louis 
Agassiz (1801-1873). 

Many questions – when, why, more than one?

Suggested causes:
• Earth cooling from its original hot origin
• A shift in the earth’s axis
• The earth had passed through hotter and colder regions of space
• Rearrangement of land masses. 

Around the same time, variations of the earth’s orbit, some of them known since 
Ancient Greek times, were being studied – primarily for improved navigation.   

Le Verrier (1811-1877) worked on the various cycles in earth‘s orbit – in 
eccentricity, obliquity and precession - and published tables in 1861. 



• Earth’s orbit is not a perfect circle (Kepler).
• The changing Earth-Sun distance results in about 7% more in total solar energy 

reaching the Earth at perihelion (January) compared with  aphelion.
• Currently, the Earth’s orbit is close to circular, with about 5 million km difference 

between the perihelion and aphelion distances. At its most elliptical, that difference 
is about 15 million km.

The Earth’s orbit around the Sun - now





Two separate topics were being discussed in the nineteenth century:

• Variations in the Earth’s orbit
• Ice Ages 

A few started putting the two together.

1842 Joseph Alphonse Adhémar (France) proposed that glaciation occurs when 
northern winters are anomalously long, which happens when they coincide with 
aphelion (the point of Earth's orbit that is farthest from the Sun) as part of the 
22,000-year precession of the equinoxes. 

1864 James Croll (Scotland) published an article “On the physical cause of the 
change of climate during geological epochs”.
From the calculations on the earth’s orbit, he computed the expected changes in 
incoming energy from the sun over 5 million years.

He predicted that one hemisphere or the other would experience an ice age when 
the winter solstice occurred far from the sun when the orbit was at its most 
elongated.



https://en.wikipedia.org/wiki

/Axial_precession

James Croll looked at the combination of 
precession and ellipticity. 

If the earth’s orbit were truly circular there 
would be no effect from the precession – the 
amount of energy from the sun would just show 
the seasonal variation.

If the earth’s axis precesses, the season when 
the earth is at aphelion (i.e. further from the 
sun) or at perihelion (closest to the sun) can 
change.

One example from Croll – if:
• northern hemisphere winter occurred when 

the earth was furthest from the sun. (sunlight 
is weaker) 

• and the orbit was at its most elliptical (winter 
is longer)

then there could be a runaway effect – winter 
snow may not completely melt during summer 
and so could build up from year to year.  



Croll’s basic theory: 
• decreases in winter sunlight would favour snow accumulation. 
• need for feedback mechanisms to amplify the solar changes

➢ Ice-albedo feedback
➢ Changes in sea level, winds and currents such as the Gulf Stream. 

• there would be multiple ice ages alternating between southern and northern 
hemispheres, lasting approximately 10,000 years each

• the last ice ages should have ended about 80,000 years ago.

Very influential – including on Charles Darwin and 
Charles Lyell (who revised his book to recognize  changes 
in the earth’s orbit as a factor in climate change).

Emerging geological evidence conflicted with his theory 
and by the end of the nineteenth century his ideas were 
discredited. 

However, his theory had been a bold pioneering attempt
to combine two different fields of work – and would be
revived.  



He suggested that the extent of snow and ice cover in the Northern Hemisphere during
Summer was a crucial factor in global climate. If the ice and snow cover did not melt in 
the summer, it could build up from year to year and lead to the onset of an ice age.  

https://www.youtube.com/watch?v=iA788usYNWA

• Became fascinated with the causes of the ice ages 

• As a Serbian he was detained during World War 1 but was given sympathetic 
treatment and allowed to keep working on astronomical problems.

• 1941 –"Canon of Insolation of the Earth and Its Application to the Problem of the Ice 
Ages.” (In German)

• 1969, ten years after his death, his book was translated into English by 
the Israel Program for Scientific Translations. 
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Project CLIMAP (Climate: Long Range Investigation, Mapping and Production) finally 
provided evidence for the theory of astronomical cycles based on analysed 
temperatures over the past 700,000 years from deep-sea sediment cores .  

A crucial paper was published in 1976 that in the past 500,000 years, the climate has 
changed depending on the shape of the Earth’s orbit, its axis of rotation and 
its precession.

Like Croll, it agreed 
that the changes in 
orbit are not 
enough alone and 
there has to be 
some feedback 
mechanism. 
However, the 
concept of the Croll-
Milankovitch cycle 
as a pacemaker has 
continued to be a 

key concept. 

https://en.wikipedia.org/wiki/CLIMAP








Complete Ice Age – How Climate Change Shaped the World. 
Brian Fagan (ed.)

The earlier 40,000-year cycles were not as extreme as the later 100,000 year 
cycles.



Abrupt Climate Change Events – especially in Greenland 



The cycles with rapid warming episodes seen in Greenland ice cores are named 
Dansgaard–Oeschger events after their discoverers.
• Temperatures in the North Atlantic region rose dramatically (often ~5–10 °C) within 

a decade (!) followed by gradual cooling back to colder “stadial” conditions.
• Occurred roughly every 1,000–3,000 years during the last ice age.

Heinrich events extreme cold disruptions tied to iceberg floods.
• Massive discharges of icebergs from the Laurentide Ice Sheet into the North 

Atlantic leaving a trail of rock fragments on the ocean floor, including fossils in the 
sediments. 

• These icebergs melted and released large amounts of freshwater. 
• The freshwater disrupted ocean circulation, especially the Atlantic Meridional 

Overturning Circulation (AMOC), which transports heat northwards. 
• This amplifies the cooling in the North Atlantic region but allows heat to build up in 

the south (“bipolar climate see-saw”).   

The end of the Ice Age:
• triggered by the increase in solar energy from the Croll-Milankovic cycle – but 

there is a lot of ice to melt!
• rising sea level undercuts and melts the much colder ice sheets at the edge of 

the ocean
• removing a buttress that stops the glaciers flowing to the ocean
• the deglaciation is much more rapid than the glaciation. 

(ChatGPT)



Overall temperature cycle of a glacial period
• Heinrich events  - large dips
• Dansgaard-Oeschger – smaller cycles. 



The massive discharge of the icebergs could be due to:
• Instability of the ice sheet – too much ice on weak unconsolidated sediment
• Undercutting of the ice sheet by warmer water.  

Evidence is ice-rafted debris on the floor of the Atlantic Ocean. 

Complete Ice Age – How Climate Change Shaped the World.  Brian Fagan (ed.)



Recovery from Heinrich events can trigger rapid warming
• After the freshwater input stops, the ocean circulation gradually recovers and 

the heat that has been retained in the south can now head northwards. 
• This can lead to a rapid warming transition. 

Summary:
• D-O events are the broader climate oscillations, while Heinrich events are 

extreme iceberg-outburst episodes that sometimes occur within them.

• Heinrich events push the climate system into extreme cold

• the recovery of ocean circulation often snaps it back into a rapid warming.

• These events appear to be related to a natural cycle of the ice sheets and the 
ocean circulation – not to astronomical cycles. 

• The smaller D-O events can work in interglacial periods also and seems to have 
occurred  during the past 12,000 years (Holocene). 

• Detection of these rapid changes was a big surprise (when first detected in 
the Greenland ice cores), and they are still being studied.

• Next class:  Some of the implications for human evolution.
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