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EXPLAIN 
 

3. Past 50  
Million Years 

Paleocene Geography 

Geography of continents, oceans, and 
mountain building after the dinosaurs died 

Goosse H., P.Y. Barriat, W. Lefebvre, M.F. Loutre and V. Zunz (2010) 
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Figure 5.14: Land configuration about 60 million years ago. Source 
http://jan.ucc.nau.edu/~rcb7/global_history.html. Reproduced with permission.  

In addition to the low frequency changes described above, relatively brief events 
are also recorded in the geological archives. One of the most spectacular is the large 
meteorite impact that occurred 65 million years ago at the boundary between the 
Cretaceous and Tertiary periods (or K-T boundary). This cataclysm has been 
hypothesised to have caused the extinction of many plant and animal species, including 
the dinosaurs, but its climatic impact is not well known and its long-term influence is not 
clear. The warming during the Paleocene Eocene Thermal Maximum (PETM, 55 million 
years ago, see Fig. 5.13), which also had a major impact on life on Earth, is better 
documented. During this event which lasted less than 170 000 years, the global 
temperature increased by more than 5°C in less than 10 000 years. This period is also 
characterised by a massive injection of carbon into the atmosphere-ocean system as 
recorded by variations in the G13C measured in sediments. The source of these massive 
inputs of carbon remains uncertain. It may be related to volcanism, or to the release of the 
methane stored in the sediments of the continental margins. Alternatively, the methane in 
these regions may have been destabilised by the initial warming, resulting in a strong 
positive feedback. 

 
Figure 5.15: Benthic G18O, which measures global ice volume and deep ocean 
temperature, over the last 5.3 million years as given by the average of 
globally distributed records. Data from Lisiecki and Raymo (2005). Source 
http://www.lorraine-lisiecki.com/stack.html. Reproduced with permission.  

PETM – 56 M yr ago 
•  Global warming about 6 °C (11 °F) in about  

20,000 years, lasted about 170,000 years 

•  Invasion of enormous amount of plant-derived 
CO2 into oceans 

•  Acidification – dissolving of CaCO3 in ocean 
sediments – mass extinction 
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Since the  
Dinosaurs Died 

https://en.wikipedia.org/wiki/Paleocene–Eocene_Thermal_Maximum#/media/File:65_Myr_Climate_Change.png 
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Rise of Mammals 
•  While 

dinosaurs 
roamed, 
mammals were 
small, quick, & 
stealthy 

•  While the 
lizard’s away, 
the mice will 
play! 

Energy Reservoirs 
•  The oceans are 

about 4000 m 
deep 

•  The top 10 m 
equal the mass 
of the 
atmosphere 

•  The top 3 m 
equal the heat 
capacity of the 
atmosphere! 

The state of  the oceans determines the climate 
on time scales of  thousands to millions of  years!  

Ocean Atmosphere 

Davy Jones Locker! 

•  Warm buoyant “raft” floats at surface 
•  Cold deep water is only “formed” at high latitudes 

•  Very stable, hard to mix, takes ~ 1000 years! 

•  Icy cold, inky black, most of the ocean  
doesn’t know we’re here yet!  

sfc 

4 km 

Himalaya & Tibet 
•  Collision of India 

with Asia raised 
highest 
mountains now on 
Earth 

•  Massively 
accelerated 
physical & 
chemical 
weathering 

•  Drew down CO2 

•  Climate cooled 
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Grasslands 
•  Evolution of 

grasses to 
cover 
semiarid 
steppes 
across the 
world 

•  Mammal 
habitat 

•  Most of their 
biomass is 
underground 

Cenozoic Climates 
(since 65 Ma) 

•  Gradual global cooling 
•  India collided with Asia, raised 

Tibet & Himalaya, rapid 
weathering 

•  Antarctica moved into polar 
position 

•  Opening of Drake Passage 
initiated Circumpolar Current in 
the Southern Ocean 

•  Ocean surface and bottom temperatures cooled by 10º C 
•  Ice sheets in East Antarctica ~34 Ma, melting ~ 24 Ma 

•  Northern Hemisphere ice sheets appeared about 3 Ma 

C3 and C4 Photosynthesis 
•  Most plants produce sugars by the pathway 

outlined above, in which the first organic 
compounds have three carbon atoms (C3) 

•  Some tropical and subtropical plants have 
evolved a separate mechanism in which the first 
products have four carbon atoms (C4) 

•  C4 photosynthesis is a mechanism to overcome 
photorespiration (high O2/CO2 ratio, high T) 

•  Involves active transport of dissolved CO2 to 
specialized “bundle-sheath” cells to overwhelm 
O2 at Rubisco active sites 

•  Uses energy to do this … only “pays off” when 
photorespiration is a big problem 

•  Evolved only ~ 10 My BP, when CO2 levels 
dropped 

C3 and C4 Physiology & Biochemistry 

distributed 
chloroplasts bundle 

sheath 
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http://commons.wikimedia.org/wiki/File:Five_Myr_Climate_Change.png 

Slow Descent into a 
Glacial Epoch 

•  Rapidly falling CO2 as weathering increased  

•  Antarctic ice sheet reduced Earth’s albedo 

•  Northern ice sheets began to grow and 
collapse in a cycle of ice ages ~ 3 Ma 
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