
Learning Objectives (LO) 

Lecture 21:  Glaciers and Paleoclimate 
Read:  Chapter 15  
Homework due Thursday Nov. 12 

What we’ll learn today:!
1. 1.  Glaciers and where they occur!
2. 2.  Compare depositional and erosional features of glaciers!
3. 3.  Earth-Sun orbital parameters, relevance to interglacial periods !



A glacier is a 
river of ice. 

Glaciers can range 
in size from: 

100s of m 
(mountain glaciers) 
 to  
100s of km 
(continental ice 
sheets) 

Most glaciers are 
1000s to 100,000s 
of years old! 



The Snowline 
is the lowest 
elevation of a 
perennial (2 yrs) 
snow field. 

Glaciers can only form 
above the snowline, where 
snow does not completely 
melt in the summer. 

Requirements: 
  Cold temperatures 
  Polar latitudes or high 

elevations 
  Sufficient snow 
  Flat area for snow to 

accumulate 



Permafrost is permanently 
frozen soil beneath a 
seasonal active layer that 
supports plant life 



Glaciers are made of 
compressed, 
recrystallized snow. 

Snow buildup in 
the zone of 
accumulation 
flows downhill 
into the zone of 
wastage. 



Glacier-Covered Areas Glacier Coverage (km2) 

No glaciers 
in Australia! 

160,000 glaciers total 
47 countries have glaciers 
94% of Earth’s ice is in Greenland and Antarctica 



Mountain Glaciers are Retreating Worldwide 



The Antarctic Ice Sheet 



The Greenland Ice Sheet 



Glaciers flow downhill through 
ductile (plastic) deformation & 
by basal sliding. 

Brittle deformation near 
the surface makes 
cracks, or crevasses. 



Antarctic ice sheet: 
ductile flow extends into 
the ocean to form an ice 
shelf. 



http://www.youtube.com/watch?v=XUltAHerfpk 

Wilkins Ice shelf Breakup 



The Greenland Ice Sheet has fewer and smaller ice shelves. 



Erosional  
Features 

Unique erosional 
landforms remain 
after glaciers melt. 



Hanging 
Valley 

U-Shaped Valley 

Glacial 
Cirque 



Depositional Features 



As the ice moves, it erodes 
the crust: 
Plucking and 
Abrasion 

Ice moves one-way 
through the interior of the 
glacier, carrying the 
sediment with it. 



ROCK FLOUR GLACIAL 
STRIATIONS 



medial 

terminal 

lateral 

Moraines are piles of glacial 
till that form at the edges of 
glaciers. The can be medial, 
lateral, or terminal.  

Glacial Till  
is unsorted 
sediment 
deposited by 
melting ice. 



Cape Cod (in Massachusetts) 
is a moraine from an ice 
sheet that covered much of 
North America. 

18,000 years ago 



Glacial Erratics:  Rocks that have been transported 
    by a glacier and left behind after 
    the ice melts 

Sandstone resting 
on Gneiss in NY Granite erratic in Newfoundland 



Ice Chasers 



 Ice sheets covered much of North America & Europe 
 Sea level was 130 m lower than today, exposing land that is 
covered by ocean today. 

Cordilleran 
Ice Sheet 

Fennoscandian 

Ice Sheet 

The Last Ice Age (20,000 years ago) 



The History of the North American Ice Sheets 

Channeled Scablands of Eastern Washington: http://www.youtube.com/watch?v=XvGdASocTn0 



http://www.youtube.com/watch?v=XvGdASocTn0 

Channeled Scablands of Eastern Washington 



Glacial Till on Mauna Kea Satellite view of Mauna Kea 

Mauna Kea had a glacier 
until 14,000 years ago! 

Other Hawaiian volcanoes 
may have had glaciers too 
(Haleakala until 400 ka) 

expected 
snowline 



We can deduce Earth’s past climate (or paleoclimate) 
 by examining ice cores. 



Earth’s Recent History Has Been Characterized 
by Cycles of Ice Ages and Interglacials 

High 

Low 

Sea 
Level 



We can deduce Earth’s past climate  
(or paleoclimate) by examining ice cores 



http://www.youtube.com/watch?v=JS2PhRd_5NA  

Collecting Ice Cores 



Chikyu 

Marine records from deep sea 
drilling also  
tell us about 
paleoclimate 

Foraminifera - CaCO3 



Foraminifera - CaCO3....O in H2O….O16 O17 O18  

O16 easy to evaporate and precipitate  
O18 difficult to evaporate and precipitate  



O18/O16  Layer by layer  
sampling of plankton  
reveals oxygen 
isotope record 

more 
ice 

less 
ice (high O18) 

(low O18) 



O
18/O

16 

Oxygen isotopes show the ice sheets growing and shrinking 



Greenland during the last warm 
interglacial period (MIS 5e)   

Oxygen isotopes 
can be used to 
estimate global 
climate history. 

The plaeoclimate record is 
labeled according to the 
Marine Isotopic Stages (MIS) 



During the Last 
Interglacial, climate 
was warmer and sea 
level was higher 
than at present. 

Waimanalo 
Coral Reef 
was formed 
~125,000 
years ago 



Glacial-interglacial cycles are controlled by: 
  The amount of solar radiation hitting Earth 
  The latitude distribution of this radiation (especially 

the amount hitting the Northern Hemisphere) 



Earth’s orbit and rotation axis experience periodic 
fluctuations that change called Milankovitch Cycles. 



Amount of summertime 
sunlight hitting the 
Northern Hemisphere 
controls the formation of 
the ice sheets. 



Why doesn’t the glaciation line up exactly with the solar forcing? 



Climate 
Feedbacks 
can amplify or 
diminish the 
effect of orbital 
forcings on 
paleoclimate. 

1. Positive Feedback: 
Warming ocean releases carbon 
dioxide, which warms the climate 
 The climate warms more than 
orbital forcing would produce by itself 



2. Negative 
Feedback: Melting 
ice in the North 
Atlantic shuts down 
the thermohaline 
circulation. 
 This leads to a 
cooler climate. 

Thermohaline 
Circulation 



Younger Dryas:  
Freshwater flooding 
from a giant ice-
dammed lake (Lake 
Agassiz) shut down 
thermohaline 
circulation. 

Thermohaline 
Circulation 



http://www.youtube.com/watch?v=psL10-XSmyc 

River Warren 



http://www.youtube.com/watch?v=kqWIwp1beIw 

Cause of the Younger Dryas 



Rapid Climate Change at the End of the Younger Dryas 

About 10°C of warming occurred in about a decade!! 
(due to re-starting of the thermohaline circulation?) 
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