
The Pleistocene 
Ice Ages
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Nalma* TEMPERATURE CURVE AND CLIMATIC EVENTSMAMMAL EVOLUTION

*NALMA = North Amer.
Land Mammal Ages

CENOZOIC FAUNAL AND CLIMATIC EVOLUTION
Adapted from two charts in Prothero, 1994, Mammalian Evolution: Short Course No. 7, and 

Prothero, 1994, The Eocene-Oligocene Transition
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Plummet into major glaciation
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http://www.awi.de/de/forschung/fachbereiche/geowissenschaften/marine_geology_and_paleontology/

The benthic oxygen isotope curve reflects the global climate evolution of the last 5 million years, as it is a measure of changes in global 
ice volume and deep-water temperature. The Pliocene warm period from ∼5 to ∼3 million years ago is believed to hold clues for assessing 
future climate change. This time interval, with atmospheric CO2-concentrations close to modern ones, was significantly warmer than 
today. High-latitude sea surface temperatures were up to 7°C higher, the modern Northern Hemisphere ice cap over Greenland was 
absent, and the sea level was about 30 m higher than today. Hence, it represents a possible future climate scenario predicted by
numerical models. The long-term increase in oxygen isotope values from ∼3–2.5 million years ago marks the development of a 
permanent Northern Hemisphere ice cap with varying size. The last 3 million years are characterized by alternating glacial and interglacial 
climate stages, while glacial ice sheets reached their largest size during the last 700.000 years.

Climate swings increasing
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450,000
Record



#1 - Temperature Tipping Point

450,000 Year Record

Tipping Points



Four 100,000 long glaciations in the  past 
450,000 Year Record



And each 100,000 long glaciation has had 
numerous smaller ice fluctuations



20,000
Record

And each 100,000 long glaciation has had 
numerous smaller ice fluctuations



1,000 Year Record

The Little Ice Age
1150-1850?

20,000 Year Record

These fluctuations have produced many records of 
human suffering in the past several thousand years.

While within the 20,000 and 1,000 year records have 
been numerous smaller fluctuations
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What Caused the Global 
Cooling that Lead to the 

Pleistocene Ice Age?

Plausible Explanations



H.L. Mencken: one of the many variations 
on his original quote "There is always an 
easy solution to every human problem--
neat, plausible, and wrong“

From "The Divine Afflatus," originally published in 
1917, and reprinted in 1920 and 1949. 

‘For every complex problem there 
is a solution that is simple, neat, 

persuasive, and wrong.'



Plate movements since breakup 
of Pangaea

1.   Gateway Hypotheses



Plate movements since breakup 
of Pangaea

1.   Gateway Hypotheses

Case Study 1: Antarctica



Plate movements since breakup 
of Pangaea

1.   Gateway Hypotheses

Case Study 2: Central America 
Seaway

“It seems unlikely that such 
discontinuous gateway episodes 
could have driven a progressive 
climate cooling for 50 Myr.”



Plate movements since breakup 
of Pangaea

1.   Gateway Hypotheses

2.   Changes in ocean spreading 
rates hypothesis.

More specifically the slowing of sea floor spreading 
slows the amount of volcanism, that slows the 
amount of CO2 put into the atmosphere, that 
reduces the greenhouse effect, that causes cooling.

“The evidence indicates that the 
spreading rate hypothesis may 
have explained global cooling 
before 15 Myr ago, but it predicts a 
warming during the last 15 Myr, 
when a major cooling has actually 
occurred.



Plate movements since breakup 
of Pangaea

1.   Gateway Hypotheses

2.   Changes in ocean spreading 
rates hypothesis.

Uplift-weathering hypothesis.



Uplift-weathering hypothesis.
Development of extensive high terranes . . .



Uplift-weathering hypothesis.
Which leads to increased monsoonal rains that enhances the 

intensity of the warm, moist summers . . .



Uplift-weathering hypothesis.
Which leads to increases in physical and chemical weathering 

. . .



Uplift-weathering hypothesis.
Which leads to increases in physical and chemical weathering 

. . .



Uplift-weathering hypothesis.
Which draws down carbon dioxide leading to cooling . . .

Which along with Milankovitch orbital cycles, leads to cycles 
of glaciation .



Environmental 
Effects of Ice Age 

Climates



Greenhouse 
Gasses

Correlation with 
glaciation events



,
Carbon Dioxide/To 20,000 Year Record

Temperature and carbon dioxide track together



Temperature and carbon dioxide track together

Carbon Dioxide/To 1,000 Year Record



Methane/To 250,000 Year Record

Temperature and methane track together



Greenhouse Gasses
Whom is driving whom?

Do the fluctuations in greenhouse gasses lag behind, or 
respond to the advance and retreat of the glaciers?

Or, does the advance and retreat of the glaciers respond to 
the fluctuations in greenhouse gasses?

Or, are they coupled

CO2 and CH4 clearly track temperature changes . . . But . . 

What is driving the greenhouse 
fluctuations?



How Well Does 
Vegetation

Track Glacial 
Ice ?



Palynology



Palynology



Trajectory of changing climate/vegetation across the middle-late Eocene to 
Oligocene boundary for the Pacific Northwest.  The rapid transition from 
paratropical forest to mixed mesophytic forest, and then mixed coniferous 

forest/taiga reflects climatic deterioration at the Oligocene "big chill."

Pacific Northwest

We know that vegetation is very 
sensitive, and closely tracks 
changes in climate.



France Vegetation Shifts

When glaciers advance 
tree biomes move 
south, while herbs (like 
Tundra plants) become 
more common.



South America Vegetation Shifts

P 198 11-11



New Zealand Vegetation Shifts

P 199 11-12



Minnesota Lake Vegetation Shifts

P 218 12-9



Vegetation Shifts

P 222 12-15



Black Forest, Germany (Today)



Ardenne Forest France (Today)



Vegetation Shifts

P 222 12-15



Windblown Debris:

Dry and Desert 
Conditions



Loess



Nebraska Sand (Loess) Hills



Loess in China

Loess-paleosol sequence, near Xi'an
http://www.geo.vu.nl/~prim/pictures.htm



Loess

http://www.geo.vu.nl/~prim/pictures.htm



Windblown Debris

When glaciers advance toward 
glacial maxima the climate 
gets dryer, as indicated by the 
expansion of leoss deposits.



Greenhouse Gasses 
and Glaciation:

Whom is driving 
Whom?



Greenhouse Gas Fluctuations

Methane and 
carbon dioxide 

track each 
other, and 

decrease when 
ice volume 
expands

WHY  ?



Greenhouse Gas Fluctuations

Methane and 
carbon dioxide 
are different 

problems, and 
fluctuate for 

different reasons



Methane Responds 
to Moisture . . . 

Which Responds to 
Monsoons 



Present Day Monsoons

During summer greater insolation
heats the land creating low 
pressure over the land, which 
causes air to rise, which draws 
water off the oceans, which falls as 
rain. 

During winter decreased insolation
leads to cooling of the land, higher 
pressures, and air flow heads off 
shore, leading to dry season. 



Monsoons



Monsoons







Long Term 
Monsoonal 
Fluctuations

Changes in the precession of 
the Earth’s axis of rotation 
along with the other 
Milkanovitch patterns 
changes the amount of 
insolation which changes the 
strength of the monsoons 
over longer spans of time.



Milankovitch Cycles - Precession

Precession is the change in the direction of the Earth's axis of
rotation relative to the fixed stars, with a period of roughly 
26,000 years. This gyroscopic motion is due to the tidal forces 
exerted by the sun and the moon on the solid Earth, associated 
with the fact that the Earth is not a perfect sphere but has an 
equatorial bulge





Warming part of cycle
CH4 CO2 increasing
Melting of glaciers
Increasing monsoons
Forests migrate north

Monsoons
Maximum

Cooling part of cycle
CH4 CO2 decreasing
Expansion of glaciers
Weakening monsoons
Tundra shifts south



Lake Chad



June 11, 2008—Satellite images from 1972 (left) and 2007 (right) show 
water-level decline in Lake Chad, once the world's sixth largest.

http://news.nationalgeographic.com/news/2008/06/photogalleries/Africaatlas-photos/index.html



20,000 Year Monsoonal Fluctuations



Warming part of cycle
CH4 CO2 increasing
Melting of glaciers
Increasing monsoons
Forests migrate north

Monsoons
Maximum

Cooling part of cycle
CH4 CO2 decreasing
Expansion of glaciers
Weakening monsoons
Tundra shifts south

~ 11000
BP

Today

But this has not what happened !

We should be 
cold
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Greenhouse Gas Fluctuations

Carbon dioxide 
tracks methane and 

the monsoon 
patterns, . . .

But, CO2 is more 
complex than CH4

More feedbacks

We do not know clearly 
by what mechanisms 
CO2 oscillates with ice 
volume changes.



Last
(most recent)
Glacial Retreat



Last Glacial Retreat

P 231 13-2



Last Glacial Retreat



Last Glacial Retreat



Last Glacial Retreat



Last Glacial Retreat



Last Glacial Retreat



Last Glacial Retreat



Last Glacial Retreat

http:��gsc.nrcan.gc.ca�landscapes�details_e.php?photoID=228



Last Glacial Retreat

http:��adaptation.nrcan.gc.ca�assess�2007�ch4�images�fig3_f.jpg


