
Past and Future Climate – 

     Present Weather

Week 2

What was the early atmosphere 

like?

Where did the Oxygen come from?

Terry Hart



• Dates for Term 1 

➢ February 12 and 26 

➢ March 12 and 26

From the Course Administrator (Elsie Mutton):

• Car Parking (see newsletter for nearby options)

• Respect for Desk Reception and other staff

➢  Code of Conduct

The Adams Event, or Laschamp excursion – magnetic field reversal 42,000 years 
ago. 

Tony Heyes videos:
Paleopocalypse! - Narrated by Stephen Fry.
https://www.youtube.com/watch?v=Qs1dLe3GsQY

https://www.youtube.com/watch?v=NSig4MyLQ0o
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https://www.melbournewater.com.au/water-and-environment/water-

management/rainfall-and-river-levels#/
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“France has marked a record-breaking streak of more than 35 consecutive 

days of rain.

“National weather service Meteo-France said the country was 

experiencing its longest series of rainy days since measurements began in 

1959, breaking the 2023 record.”





https://earth.nullschool.net/

https://earth.nullschool.net/




Since the start of the Argo program in 2000, these autonomous profiling floats 

have been limited to the top half of the sea (0-2000 m), and the accuracy of 

sensors was similarly limited to upper ocean levels of temperature and salinity. 

A new generation of floats, called Deep Argo, will sample the full ocean 

volume, capable of reaching 6000 m.

Argo Profiling Floats – to measure the temperature and salinity in the ocean. 









What was the earliest earth atmosphere like?

Where did oxygen come from?

Why does it stay fairly constant these days?

The Great Oxidation Event – how cyanobacteria 

changed life

A mass extinction caused by oxygen.



Early Earth and its Atmosphere

Earth formed about 4.6 billion years ago from a swirling disk of dust and gas 
orbiting the young Sun. 

It was too hot to hold onto any gases. What little atmosphere it might have 
had—primarily hydrogen and helium - would have been swept away by the 
solar wind.

Bombardment from space kept the surface hot and vaporised any moisture 
but brought minerals and ammonia (nitrogen).

Around 4.3 billion years ago earth started to cool, and the deluge of space 
rocks eased up. As Earth cooled, it is thought that volcanoes burst through 
the crust, pouring out lava and belching gases similar to what comes out of 
volcanoes today – nitrogen, hydrogen sulphide, carbon dioxide, sulfur 
dioxide, water vapour and traces of methane and ammonia. There was no 
oxygen yet and no ozone layer to block ultraviolet rays. 

https://www.sciencenewstoday.org/exploring-the-history-of-earths-

atmosphere
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Climate Change – Geoscience Perspective page 309

But the Sun back then was only about 70% as bright as it is today - the “faint young 
Sun paradox”: 
- how could Earth stay warm enough to support liquid water if the Sun was so dim?



The answer lies in the “greenhouse gases”:  Carbon dioxide, water vapour and, 
especially, methane block heat leaving earth. Without them Earth might have 
been an icy desert. 

Water vapour, another powerful greenhouse gas, began to condense as the 
planet cooled. Rains fell for centuries, possibly for thousands of years, leading 
to oceans. This hydrosphere, originating from volcanoes, was the first great 
transformation on Earth’s surface. 

There were possibly occasional 'whiffs' of oxygen puffing up from volcanic 
activity or from sunlight breaking apart water vapour, but it wouldn’t take long 
for it to react with the other gases, leaving the planet largely oxygen free (less 
than 0.001%) for its first billion years or so.

Slight diversion:    What are “greenhouse gases”?



The Earth is warmed by the incoming sunlight and then sends (radiates) 

heat (infrared energy) back to space. If there is an imbalance the Earth 

will either warm up or cool down. However, measurements show that it 

is very close to balanced. 

A very important point – sunlight has a very different spectrum from the 

heat that the Earth sends back to space. 



The air is almost (but not completely) transparent to sunlight. 
About 30% is reflected back to space (mainly from clouds and the 
earth’s surface) but 70% is absorbed by, and heats up, the land, 
ocean and air.



On the other hand, there are gases in the air that are very effective in absorbing 
infrared radiation. They then emit the infrared energy at the colder top of the 
atmosphere. The net effect is to trap the heat in the atmosphere. These are 
called “greenhouse gases”. 
The diagram shows the absorption spectra for some of these gases and their 
comparative effect in today’s world. In the early Earth there would have been 
much more methane and so its effect would have been much greater.  
https://courses.ems.psu.edu/earth103/node/1006

https://courses.ems.psu.edu/earth103/node/1006


You can feel how effective this mechanism is when you leave your car 
out in the sun!
Glass is transparent but blocks infrared radiation – its transmission drops 
off rapidly from the visible range to the infrared.





• Bodies of water formed and sunlight provided energy for various 
geochemical reactions - and possibly precursors to biochemistry – to take 
place.  

• Around 3.8 billion years ago the earliest organisms formed - single-celled 
microbes clinging to hydrothermal vents or floating in shallow seas. They 
were anaerobic and for them, oxygen was toxic.

• Perhaps within a few hundreds of millions of years of Earth's formation, a 

form of photosynthesis had developed – but not the oxygen producing type – 

e.g. purple bacteria and green sulphur bacteria. 

• Around 2.7 billion years ago that 'oxygenic' variety of photosynthesis 

originated in ancestors of cyanobacteria (blue-green algae).

• In oxygenic photosynthesis energy from sunlight is captured and used to 

convert carbon dioxide and water into organic compounds (mostly sugars) – 

food to provide energy for the organism. 

• However, in doing so, they released a by-product oxygen. 

Early Earth and its Atmosphere (continued)



• The early cyanobacteria may have poisoned themselves with their waste 

product (oxygen) until they evolved the capacity to live in an oxygen rich 

environment.

• For millions of years, this oxygen bubbled quietly into the oceans, reacting 
with iron, sulphur and other elements. 

• Eventually, the rate of release of volcanic gases slowed, reactive sinks were 

used up, and oxygen began to accumulate in the air, rising up from the sea. 

• Around 2.3-2.4 billion years ago the trickle of oxygen gas finally produced 

significant levels of oxygen in the atmosphere, the Great Oxidation Event.

Wikipedia



How do we know all that when it happened so long ago?

• The oldest rocks include some minerals that would be changed in the 

presence of even small amounts of oxygen: pyrite, siderite, uraninite and 

molybdenum compounds.

• Continental red beds (banded iron formations) – ferric iron (magnetite and 

haematite) began to appear in the geological record. 

• Isotopic composition of sulphur – “mass independent fractionation” reactions 

equally affecting all sulphur isotopes (32S, 33S, 34S, 36S) – presumably from UV 

light on volcanic SO2 emissions, that could only have occurred if there were no 

ozone layer. The ozone layer was formed from oxygen.

• Some very old fossils are depleted in 13C isotope – indicating organic life 

forms although not necessarily from oxygen-based life. Atmospheric oxygen 

concentration of about 2% is needed for the formation of compounds such as 

collagens used by all multicellular animals to provide connective tissue in 

complex organ systems. 

• DNA evidence recording different metabolic types through Earth’s history 

(Cranfield, Chapter 2; Plate 5). There was a diverse biosphere before oxygen, 

driven by chemical compounds associated with vulcanism.



Investigating the chemical processes 
in microbial organisms independent 
of the geological evidence – all 
organisms record their evolutionary 
development in their DNA (in a 
complicated way!) – including in 
their metabolism.
  
The diagram shows fractions of 
enzymes with various elements 
compared with present day values:

White:  today’s ratio
Red/Brown:  higher than today
Blue:  less than today.

Red or white at the start shows that 
mechanism was present back then 
(e.g. Mn and Sulphates)  

Blue at the start indicates later 
development (including oxygen).  David, L. and Alm, E. Rapid evolutionary innovation during an 

Archaean genetic expansion. Nature 469, 93–96 (2011). 
https://doi.org/10.1038/nature09649



https://royalsocietypublishing.org/rstb/article/380/1931/20240097/234994/The-emergence-of-
metabolisms-through-Earth-history

4(b) Fit to geochemical record
Where sedimentary geochemical evidence of metabolic activity exists, there is generally 
good agreement with our inferences ….. There is coherent evidence for oxygenic 
photosynthesis by 2.945 Ga and so our inference, that modern photosynthesis pathways rise 
from 25% completeness at 3 Ga to 50% complete at 2.5 Ga is consistent with this.
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Consequences of the Great Oxidation Event

• To many of the organisms that had evolved in an oxygen-free world, it was a 
catastrophe. Oxygen attacked their cellular machinery, driving some species 
into extinction. But for others, oxygen enabled the rise of aerobic 
respiration, a far more efficient way to extract energy from food, leading to 
more complex life. 

• Oxygen likely oxidized atmospheric methane (a strong greenhouse gas) to 
carbon dioxide (a weaker one) and water. This weakened the greenhouse 
effect of the Earth's atmosphere, causing planetary cooling, which may have 
been the trigger for a series of ice ages known as the Huronian glaciation 
(2.45–2.22 billion years ago). 

• There was a new opportunity for biological diversification, as well as 
tremendous changes in the nature of chemical interactions between rocks, 
water and air. Life had remained energetically limited until the widespread 
availability of oxygen. 

• Many new minerals, oxidized forms, appeared.  



Around 540 million years ago, the atmosphere reached a tipping point. Oxygen 
levels rose to a threshold that could support larger, more complex life forms. 
The Ediacran era and the Cambrian Explosion saw a riot of new body plans—
most of them powered by aerobic metabolism. 

Animals colonized the shallows and later the land. 

Over the next hundreds of millions of years, Earth’s oxygen levels fluctuated, 
rising and falling with tectonic shifts, evolutionary booms, and extinction events. 
During the Carboniferous period, oxygen soared to nearly 35%, creating a world 
where dragonflies the size of seagulls soared through swampy forests. But high 
oxygen also brought volatility—fire, for example, became far easier to spark and 
far harder to contain.

One major contributor to life is the ozone layer formed by the interaction of 
solar ultraviolet light with oxygen. It acts as a shield, protecting life from harmful 
UV radiation. 



https://www.macmillanhighered.com/BrainHoney/Resource/6716/digital_first_
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https://astrobiology.nasa.gov/nai/articles/2019/3/5/clues-of-earths-

early-rise-of-oxygen/index.html
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Banded iron formation (BIFs) – the basis for the iron ore in the 

Pilbara!

• Banded iron formation can form only when dissolved ferrous 

iron is transported into shallow basins where oxygen can mix 

with the water and the ferric iron oxide is deposited out. 

• Needs both a deep ocean without oxygen and an oxidized 

shallow ocean where the ferrous iron is oxidized to insoluble 

ferric iron. 

• Deposition was episodic and there may have been significant 

intervals without oxygen..

• BIFs largely disappear from the geological record at 1.85 billion 

years ago, after peaking at about 2.5 billion years ago.  The end 

of the deposition is interpreted as marking the oxygenation of 

the deep ocean. 



https://opengeology.org/historicalgeology/case-
studies/greenstone-belts-primordial-tectonics/
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Was there a mass extinction associated with the GOE?

Oxygen is very reactive element. We have specialized enzymes 

for dealing with the damage that free oxygen can cause our 

more delicate organic molecules, such as DNA. So, it's easy to 

imagine that without adaptations for coping with oxygen, early 

organisms would die off in huge numbers. 

It's possible there was a catastrophic die-off of many existing 

anaerobic species, but it is difficult to tell and so it is not 

generally counted as a “mass extinction”. 

?



Oxygen levels in the air – sources and sinks

• Dissolved iron in oceans is one oxygen sink.  This was important in the early 
stages of oxygen appearing in the atmosphere.

• The rate of photosynthesis is a major source. But if all the life forms decay 
there is no nett increase of oxygen. 

• Burial of organic material and pyrites can allow oxygen to accumulate in the 
atmosphere. 

• When land plants spread over the continents in the Devonian (around 
400 million years ago) more organic carbon was buried and likely 
allowed higher oxygen levels to occur. 

• The sulphide/sulphate cycle (driven by emission of hydrogen sulphide 
and sulphur dioxide from volcanoes) also operates on the geological 
time-scale and has been important at times in Earth’s history. 



Maintaining oxygen levels in the atmosphere

In the last few thousand years, the level of oxygen in the air has been 
maintained at around 21 %.

It seems that there is a balance between three short term processes: 

• Respiration

• Combustion/Decomposition

• Photosynthesis

Essentially, it is life on Earth that is keeping the balance it needs.

Long term biological/geological processes (on the time-scale of millions of 
years): organic carbon and pyrite burial.



Oxygen in the Atmosphere – some references

https://www.sciencealert.com/where-did-earth-s-oxygen-come-from

https://www.sciencenewstoday.org/exploring-the-history-of-earths-atmosphere

Great Oxidation Event  -  Wikipedia 

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

Oxygen – a Four Billion Year history.  Donald Canfield. (Princeton University Press, 

2014)

The Time Oxygen Almost Killed Everything
Squarespace Video:        https://youtu.be/qERdL8uHSgI

https://youtu.be/dO2xx-aeZ4w
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