
When penguins and
polar bears meet ...

(the occurrence of global ice ages)





Last Glacial Maximum



‘Cambrian
explosion’

542.0 Ma

Permian Extinction
(end of the flesh-ripping
trilobites)

251.0 Ma



Dinosaurs discover
internal combustion
engine

65.6 Ma
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The Proterozoic: Gateway to an metazoan-dominated, 
oxygenated, biosphere?



Evidence for glaciation

From: Hoffman and Schrag [2002]From: Fairchild and Kennedy [2007]
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shale, siltstone
flat-laminated micrite
wavy-laminated micrite

cross-bedded grainstone

columnar stromatolite

intertidal microbialaminite

terrigenous sandstone

aeolian sandstone
cap dolostone
cap limestone (cementstone)
cap limestone rhythmite

subaerial exposure surface



Hoffman et al. [1998] (Science 281)

‘snowball Earth’



‘snowball Earth’



The snowball Earth hypothesis
[Hoffman and Schrag, 2002] (Terra Nova 14, 129-155)
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The snowball Earth hypothesis
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Temperature Snow cover

positive “ice-albedo” feedback

‘Feedbacks’



Temperature Snow cover

= -1/2°C

‘Feedbacks’



TOTAL CHANGE = -1/2°C

‘Feedbacks’

Temperature Snow cover



Temperature

TOTAL CHANGE = -1/2°C - 1/4°C

‘Feedbacks’

Snow cover



‘Feedbacks’

Temperature Snow cover

TOTAL CHANGE = -1/2°C - 1/4°C



Temperature Snow cover

TOTAL CHANGE = -1/2°C - 1/4°C - 1/8°C

‘Feedbacks’



Temperature Snow cover

‘Feedbacks’

TOTAL CHANGE = -1/2°C - 1/4°C - 1/8°C - 1/16°
               - .......



‘Feedbacks’ (’runaway’)

TOTAL CHANGE = -1°C - 2°C - 4°C - 8°C
               - .......

Temperature Snow cover



The snowball Earth hypothesis
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The global carbon cycle (modern)



Terrestrial weathering can be (approximately equally) divided into 
carbonate (CaCO ) and calcium-silicate (’CaSiO ’) weathering:3 3

2+Ultimately, the (alkalinity: Ca ) weathering products must be removed 
through carbonate precipitation and burial in marine sediments:

It can be seen that in (2) + (3), that the CO  removed (from the 2

atmosphere) during weathering, is returned upon carbonate precipitation  
(and burial). In (1) + (3) (silicate weathering) CO  is permanently removed 2

to the geological reservoir. This CO  must be balanced by mantle 2

(/volcanic) out-gassing on the very long term.

2+ -(1)     2CO  + H O + CaSiO   ®  Ca  + 2HCO  + SiO   2(aq) 2 3 3 2

2+ -(2)       CO  + H O + CaCO    ® Ca  + 2HCO2(aq) 2 3 3

2+ -  (3)       Ca  + 2HCO  ® CO  + H O + CaCO3 2(aq) 2 3

Long-term controls on atmospheric pCO2
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The snowball Earth hypothesis



The snowball Earth hypothesis
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Alternative explanations for the glacial observations
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