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The Robson Glacier 

spills into Berg Lake 

on Mt. Robson, 

B.C., Canada. 

17.1 What Is Glacier? 



17.1 What Is Glacier? 

A glacier is a massive, long-lasting, moving mass of compacted 
snow and ice. 

Formation of Glaciers: if snow survives one summer, it converts 
to rounded ice grains called firn, and can be compacted by 
burial to glacial ice. 

Glaciers form only on land, wherever winter accumulation 
exceeds summer melt, and flow plastically by the pull of gravity. 



 

Some alpine glaciers flow 
great distances from the 
peaks into lowland 
valleys. 



17.1 What Is Glacier? 

As continental ice sheets (if over 50,000 square km) in polar regions. Today, 
two exist in Greenland and Antarctica. They contain 99% of the world’s ice, 
and 75% of the Earth’s freshwater. The Antarctic ice sheet covers 13 million 
square km and entire mountain ranges. Is there an ice sheet at the North Pole? 



17.2 How Do Glaciers Move? 
Movement depends on slope 

steepness, precipitation and air 

temperature (e.g., a few cm to a 

meter/day) and flow by basal slip 

(entire glacier can slide over 

bedrock when water accumulates) 

and plastic flow. Plastic flow shown 

to right. Why do poles in center 

move down slope faster than poles 

near the margin of the glacier? 

Frictional resistance with the valley 
walls slows movement along the 
edges and glacial ice flows 
plastically. 

 

 

 



17.2 How Do Glaciers Move? 
Also, this experiment shows the 
entire pipe, driven into bedrock, 
moved by basal slip, but the 
center of the glacier moved faster 
by plastic flow. In the upper 40 
meters ice is now plastic but is 
brittle, and forms crevasses which 
open and close as the glacier 
moves. 
The relative rates of basal slip and 
plastic flow depend on the 
steepness of the bedrock 
underlying the glacier and on the 
thickness of the ice. 
An ice fall is a section of a glacier 
consisting of crevasses and 
towering ice pinnacles. 



17.2 How Do Glaciers Move? 

Crevasses in the Bugaboo Mountains of British Columbia, Canada. 
When a glacier flows over uneven bedrock, the deeper plastic ice bends 
and flows over bumps, stretching the brittle upper layer of ice so that it 
cracks, forming crevasses. 



17.2 How Do Glaciers Move? 

The Mass Balance of a Glacier: The Zone of Accumulation (where more snow 
falls in the winter than melts in the summer) is separated by the Zone of 
Ablation (where more snow melts in the summer than accumulates in the winter) 
by the snow line (boundary between permanent snow and seasonal snow). So, 
why is there ice in the Zone of Ablation? What determines the glaciers terminus?  



17.2 How Do Glaciers Move? 

In equatorial and temperate regions, glaciers commonly terminate at an 
elevation of 3,000 meters or higher. But in cold, wet climates they can 
cxtend into the sea, where great chunks break off as icebergs. 
Photo shows small ice bergs that calved from the Le Conte Glacier in Alaska. 



17.3 Glacial Erosion 

        Glacial Erosion: a glacier plucks rocks from bedrock 
and then drags them along, abrading both the loose rocks 
and the bedrock. The crescent-shaped depressions in 
granite of Alaska were formed by glacial plucking. 



17.3 Glacial Erosion 



17.3 Glacial Erosion 



17.3 Glacial Erosion 
        Glacier striations 
can form when stones 
embedded in the base 
of the glacier gouge 
the bedrock. Can the 
glacial icegouge the 
bedrock? 
 
The striations show 
the direction of 
movement of the 
glacier. 



17.4 Glacial landscapes 
        Discuss glacial 
landforms formed by 
alpine glacial erosion. 
 
How could you tell a 
glacially carved valley 
from a stream carved 
valley? 



17.4 Glacial landscapes 

U-shape valley (from glacial erosion) in the Purcell 
Mountains of British Columbia. 



17.4 Glacial landscapes 

The ice plucks a small depression that grows slowly as the glacier flows . With 
time, the cirque walls become steeper and higher. The glacier carries the 
eroded rock from the cirque to lower parts of the valley . When the glacier 
finally melts, it leaves a steep walled, rounded cirque. 



Formation of a cirque (from glacial erosion) 



17.4 Glacial landscapes 

One landform from glacial erosion is an Arête. 
Two glaciers flowing along opposite sides of a mountain ridge 
may erode both sides of the ridge, forming a sharp, narrow 
Arête between adjacent valleys 



17.4 Glacial landscapes 

        ... And 
paternoster lakes... 
(from glacial erosion) 
 
-----a series of lakes 
(depression from 
glacier eroding fills 
with water after the 
glacier melts) 



17.4 Glacial landscapes 
        ... And horns 
(such as the 
Matterhorn in the 
Swiss Alps from glacial 
erosion) 
 
If glaciers erode three 
or more cirques into 
different sides of a 
peak, they may create 
a steep, pyramid-
shaped rock summit 
called a horn. 



17.4 Glacial landscapes 
        ... And hanging valleys 
(such as the famous waterfalls 
of Yosemite Valley in California 
from glacial erosion) 

A small glacial valley lying high 
above the floor of the main 
valley is called a hanging 
valley. 
If the main valley glacier cuts 
off the lower portion of an 
arête, a triangular-shaped rock 
face called a truncated spur 
forms 



17.4 Glacial landscapes 
        ... And fjords 
(at high-latitude 
seacoasts, glacially 
carved inlet from 
glacial erosion) 

This fjord is bound by 
1,000meter cliffs in 
Baffin Island, Canada. 



 



 



 
 Sediment accumulates at the 

terminus to form a ridge 
called an end moraine.  

 Terminal moraine is an end 
moraine that forms when a 
glacier is at its greatest 
advance. 

 Recessional moraine forms 
when the glacier stabilizes 
again during its retreat. 

 When ice melts, till is 
deposited in a relatively thin 
layer over a broad area, 
forming a ground moraine. 



 

             End moraines and ground moraines are characteristic of both alpine 
and continental glaciers. 



 

Sediment near the glacial margins forms a lateral moraine. 



 If two glaciers converge, 
the lateral moraines 
along the edges of the 
two glaciers merge into 
the middle of the larger 
glacier. This till forms a 
visible dark stripe on the 
surface of the ice called a 
medial moraine. 



 



 

Outwash plains are 
also characteristic of 
continental glaciers. 



 

• They show sorting 
and sedimentary 
bedding, which 
distinguishes them 
from unsorted and 
unstratified till. 

• And the individual 
cobbles or grains 
are usually 
rounded. 



 



 

Streams plunge into crevasses and run beneath the glacier over 
bedrock or drift, commonly deposit small mounds of sediment, 
called kames 

Large blocks of ice may be left behind in a moraine or an 
outwash plain as a glacier recedes. When it melts, it leaves a 
depression called a  kettle. 



 

17.5 Glacial Deposits 



 



 





 



 



 

When glaciers grow, 
they accumulate 
water that would 
otherwise be in the 
oceans, and sea level 
falls. 



 Continental glaciers scoured the Great Lakes Basin and 
altered its drainage pattern several times. 

17.6  Ice ages 



 

17.6  Ice ages 



 

17.6  Ice ages 



 

17.6  Ice ages 



 

17.6  Ice ages 



 



 



Boulder Glacier (area!) 1988... Completely gone... 

17.6  Ice ages 
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