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Michigan and 
Iowa

https://www.bbc.com/news/articles/crrx

pwzvd5vo

“The spring storms arrive near the beginning 
of what many refer to as tornado season, 
which typically starts at different times across 
various parts of the US.” 

https://www.bbc.com/news/articles/crrxpwzvd5vo
https://www.bbc.com/news/articles/crrxpwzvd5vo




Ediacran Period

635-539 million 
years ago.

Named after the 
Ediacra hills in 
SA.

First multicellular 
fauna.



https://commons.wikimedia.org/wiki/File:All_palaeotemps.png#Data

Figure prepared by Glen Fergus.

Time is plotted forward to the present, taken as 2015 CE. 

Note that the scale expands towards the present. There are five separate linearly scaled 
segments, expanding by about an order of magnitude at each vertical break. 

Surface air temperature is plotted as anomalies (differences) from the average over the 
reference interval 1960–1990 (which is about 14°C)

https://commons.wikimedia.org/wiki/File:All_palaeotemps.png#Data


Changing Geography – and its impact on climate

Focus on the period 30 Ma – 10 Ma

There were some very important changes in 
geography that have set up the Southern Ocean 
and Pacific Oceans as we have them today.

These changes were due to the movement of the 
continents through plate tectonics. 

It introduces some basic themes and concepts:
• Effect of movement of continents on climate 

and ocean
• Formation of mountains and the associated 

impact on the carbon dioxide levels due to 
weathering – the slow carbon cycle. 

• another fundamental concept along with 
greenhouse gases. 



https://theconversation.com/continents-may-not-have-been-created-in-the-way-we-
thought-33334

200-300 mya
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https://youtu.be/UevnAq1MTVA

"Scotese, C.R., 2019. Plate 
Tectonics, Paleogeography, and 
Ice Ages, YouTube video:    • 
Scotese Plate Tectonics 
Paleogeography & I...  ."

https://youtu.be/UevnAq1MTVA


How changing geography affects climate

• New surfaces at different latitudes – effect on land cover, rainfall, 
reflectivity (albedo)

• Land at the poles can be colder than sea at the poles

• Mountain building

• New seaways change ocean currents

• Changes in ocean circulation affect the direction and rates of water flow 
and heat transfer across latitudes.

• Snow and ice on land can change reflectivity (albedo) and sea level

• Can affect the evolution of life forms (plants and animals). 

References:  Chapter 4 Climate Change – Geoscience Perspective p 269 -



Two regions of our planet that experienced dramatic change over the past 
70 million years are Antarctica and the Arctic. 

• 50 Million years ago - no ice sheets in either of the polar regions. 

• 34 million years ago - onset of widespread glaciation of Antarctica. 

• Only 2.75 million years ago  - development of large-scale ice sheets in 
the Arctic. 





https://www.britannica.com/video/Earth-Pangea-Proxima-locations-continents-inset/-
158683



The Southern Ocean and the climate of Antarctica have not always been the 

way they are now. 

• Opening up of the ocean between Tasmania and Antarctica (30-33 Million 

years ago) and of the Drake Passage (30-40? 23 Million years ago ?)

Antarctica became isolated from the ocean gyres that brought heat 

southwards. Antarctica became colder, enhancing the temperature gradient 

between the tropics and the poles and hence speeding up the westerly winds 

and ocean currents. 

The opening of these two oceanic gateways over millions of years eventually 

resulted in unrestricted flow around the Antarctic continent, and the creation 

of the Antarctic Circumpolar Current (ACC).

This strong ocean current and westerly winds isolated Antarctica from the 

warmer latitudes and allowed it to cool. Once snow and ice formed it became a 

feedback loop leading to the deep ice that is there now.

The colder ocean can also absorb more carbon dioxide, so reducing the amount 

of this greenhouse gas in the atmosphere.





How do they know this? 

Sediment core samples indicate that the opening of the Tasman Passage began 
around 37 million years ago, with the presence of shallow waters in place 
about 35 million years ago, and a fully opened ocean gateway between 
Australia and Antarctica by about 33 to 30 million years ago. 

Off-shore core samples show the presence of glacially influenced sediments, 
and hence the earliest Antarctic ice sheets, from about 35 million years ago.

Evidence for the opening Drake Passage is less precise but is between about 40 
and 20 million years ago. 

Widespread cooling and associated glaciation in the Arctic region didn’t take 
place until over 30 million years later. 



Changes in the positions of continents can have a 

significant effect on the winds and ocean currents.   

https://www.uu.nl/en/news/plate-tectonics-cooling-antarctica 
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Closing of the Panama Isthmus (4.5 – 2 Mya) cutting off currents that once 

flowed between the tropical Pacific and Atlantic Oceans.

Pacific Ocean water  was fresher than the Caribbean and cutting it off made the 

Caribbean saltier. The Gulf Stream, a western boundary current that flows from 

the tropics to the North Atlantic, intensified bringing more heat and moisture to 

northwestern Europe. 



Cooling of the Arctic

The collision of India with Eurasia resulted in the uplift of the Tibetan and 
Mongolian Plateaus, causing an increase in rainfall and flow of fresh water 
toward the Arctic Ocean. 

With added freshwater (from the Gulf Stream and rivers) the Arctic region was 
primed for sea ice formation (lowering the salinity means it is easier for water 
to freeze). 

There are several feedback mechanisms:

• Sea ice growth results in higher albedo reflecting more sunlight
• Sea ice also prevents heat stored in the ocean from escaping to the 

atmosphere. 
• The colder ocean can absorb more CO2 from the air.

The north polar latitudes cooled and glaciers formed on the cold land, again 
with the feedback of the high reflectivity reducing the sunlight absorbed by the 
land.



Cooling had commenced before Antarctica was isolated and appears related to the 
collision of India and Eurasia, beginning 50 million years ago, and the resulting 
uplift of the Tibetan-Himalayan and Mongolian Plateaus. A similar process led to 
the uplift of the Sierra-Coloradan Plateau in North America.  

The mountain-building provided a large source of fresh rock to pull more carbon 
dioxide out of the atmosphere through  weathering in the Long Term (or Slow) 
Carbon Cycle. 
https://science.nasa.gov/earth/earth-observatory/the-carbon-cycle/

The graph shows changes in the ratio of oxygen isotopes in the deep ocean – a proxy for 
temperature). 

https://science.nasa.gov/earth/earth-observatory/the-carbon-cycle/
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These processes operate on time-scales of hundreds of thousands or 
millions of years.



Plate tectonic reconstructions of this time interval show a fast-moving Indian 
subcontinent racing (in geologic terms; around 5–10 cm per year) toward Asia, and 
upon collision, uplifting the Himalayas and Tibetan Plateau at around a centimeter 
per year. 

In addition to the change in river drainage (i.e., freshwater input) to the Arctic, this 
uplift of the collision zone increased the exposure, weathering and erosion of 
silicate minerals previously deeply buried on both continents. 

The scale of this event was sufficient in magnitude to increase the overall 
weatherability of the planet, and thus the global silicate weathering rate. The result 
was a drawdown in atmospheric CO2, since weathering rates came to exceed the 
rate of volcanic CO2 input.

Life – plants (e.g. roots, lichen) – assist weathering.

Climate Change – A Geoscience Perspective.  Page 301-   



So three main factors in the cooling of the global atmosphere from about 50 
million years ago to about 500,000 years ago:
• Mountain building from collision of land masses, leading to the exposure 

and subsequent weathering of silicate rocks, that ultimately saw CO2 levels 
in the atmosphere decrease.

• Isolation of Antarctica leading to the glaciation and formation of a thick ice 
sheet with high reflectivity   

• Increased moisture flow to high northern latitudes that led to the formation 
of sea ice and glaciers, also with increased reflectivity.



https://www.smithsonianmag.com/smithsonian-institution/what-

happened-the-last-time-the-climate-changed-1157388/

https://en.wikipedia.org/wiki/File:65_Myr_Climate_Change.png
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Impact on Australia’s climate  
(from Shaping a Nation – A Geology of Australia)

There were several phases of ice sheets after glaciation started in West 
Antarctica around 34 Ma.

The great ice sheet on Antarctica began to develop around 15–10 Ma in the 
east and 10 – 6 Ma in the west. 

The formation of the Antarctic ice sheet fundamentally altered Earth’s marine 
and terrestrial climate and sea-levels. 

The impacts on Australia were large:
• The north-south (meridional) temperature difference increased, and the 

subtropical monsoon contracted northwards, which placed much of the 
continent in the drier mid-latitudes. (Figure 2.36 below).







Approaches to safely add more alkaline substances to the ocean:
• grinding naturally occurring minerals like basalt or olivine and dropping them 

in the ocean 

• depositing alkaline industrial products, like lime, or waste products like steel 
slag and cement kiln dust to the ocean

• electrochemical processing of sea water to produce sodium hydroxide which 
can be pumped back into the ocean. 

(CSIRO):  Ocean Alkalinity Enhancement (OAE) works by speeding up the naturally 
occurring process in which the ocean removes CO2 from the atmosphere. 
• Over hundreds of thousands of years, alkalinity is added to the rivers, and 

eventually the ocean, through the weathering of rocks on land, such as 
limestone or basalt.

• These dissolved minerals in the ocean react with CO2 causing the ocean to then 
take up additional CO2 from the atmosphere to restore its balance.

• Atmospheric CO2 enters the ocean and reacts with seawater to form stable 
bicarbonate (HCO3-) and later carbonates. So, CO2 is locked away in the ocean. 



Note:  The ocean contains about 50 times as much CO2 as the atmosphere.



Open Access References

Shaping a Nation – A Geology of Australia – 

(Chief Editor: Richard Blewett). Geoscience 

Australia (2012)

A free pdf version available at:

https://press.anu.edu.au/publications/shaping-

nation

Climate Change – A Geoscience 

Perspective.  

Open Access book – download pdf 

from:

https://link.springer.com/book/10.1007/9

78-3-031-82869-0

https://press.anu.edu.au/publications/shaping-nation
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