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Glaciers

Glaciers are permanent bodies of ice (recrystallized snow) which flow downslope by the action of gravity, and which are maintained over long periods of time by very low temperatures that prevent this ice from undergoing substantial melting.

I- Types of glaciated terrain:

1- Alpine areas: These are mountainous areas where snow and ice are preserved by the low temperatures resulting from the high elevations.

2- Continental areas: Are large areas of land covered by glaciers because they lie close to the poles.

II- Distribution of Glaciers:

SYMBOL 183 \f "Symbol" \s 14 \h Glaciers cover ~ 10% of the land surface. However, during ice ages, approximately 30% of the land area was covered by glaciers.

SYMBOL 183 \f "Symbol" 85% of glaciers occur in Antarctica, and 10% in Greenland.

III- Types of glaciers:

1- Valley glaciers (Alpine): Are glaciers flowing in valleys that occur in high altitudes.

2- Ice sheets (Continental): Are the largest types of glaciers occurring close to the poles and constituting 95% of the total ice on the earth's surface.

3- Ice Caps: Are dome-shaped bodies of ice occurring in polar areas, and which are much smaller than ice sheets.

Glaciers could also be classified as advancing or receding depending on the amount of ice accumulated and that lost by melting.

IV- Formation of a glacier: 

SYMBOL 183 \f "Symbol" \s 14 \h
From snow to ice: névé SYMBOL 174 \f "Symbol" firn SYMBOL 174 \f "Symbol" ice through compaction and loss of trapped air (Fig. 1).

SYMBOL 183 \f "Symbol" \s 14 \h
Role of gravity

SYMBOL 183 \f "Symbol" \s 14 \h
Wasting of a glacier: Melting of glacial ice or its evaporation is known as "ablation", and results in the recession of the glacier. If the glacier flows down to a body of water, it is also wasted with its ice breaking up to form icebergs that float on water.

SYMBOL 183 \f "Symbol" \s 14 \h
Advancing and receding glaciers

V- Definitions:

SYMBOL 183 \f "Symbol" \s 14 \h
Zone of accumulation: Is the area where snow is constantly accumulating (close to the head of the glacier) with no or very little melting (Fig. 2).

SYMBOL 183 \f "Symbol" \s 14 \h
Zone of wastage: Is the area in which melting or ablation rates exceed those of snowfall (Fig.2).

SYMBOL 183 \f "Symbol" \s 14 \h
The snow line: Is the boundary between the zone of accumulation and that of wastage, and could therefore be defined as the highest level at which winter snow melts in the summer.

VI- Internal structure of a glacier

Rigid zone: SYMBOL 163 \f "Symbol" 40 m from the surface, where the ice seems to "break" into blocks.

Zone of plastic flow: At depths > 40m where the ice crystals are deforming plastically under the weight of the overburden (Figs. 2 & 3).

VI- Movement of a glacier:

SYMBOL 183 \f "Symbol" \s 14 \h
Mode of movement 

A- Valley glaciers:

(a) Basal sliding: where the glacial ice glides or slides over a thin layer or film of water at the base. This water film forms by the melting of the glacial ice in contact with the ground surface under the pressure caused by the weight of the overlying ice (Fig.3).

(b) Plastic flow: Occurs in the middle part of the glacier where the ice crystals deform plastically under the combined influence of the overlying ice and the downslope gravitational pull (Fig. 3).

B- Ice sheets and ice caps flow from a central high point down slope.

SYMBOL 183 \f "Symbol" \s 14 \h
Rate of movement: a few mm/day to 15m/day

SYMBOL 183 \f "Symbol" \s 14 \h
The maximum velocity is attained in the middle parts of the glacier as friction along the bottom slows down the flow.

SYMBOL 183 \f "Symbol" \s 14 \h
Velocity depends on:

1.
Slope

2.
Weight (supply of snow)

3.
Climate and temperature

4.
Location of ice inside the glacier

SYMBOL 183 \f "Symbol" \s 14 \h
Features associated with glacial movement:

(a) Crevasses: Are cracks in the rigid zone of a glacier that result from the movement of different parts of the glacier at different velocities. Because the plastic zone flows more rapidly than the rigid zone, ice in the rigid zone is subjected to tensile stress as it is pulled from below by ice in the plastic zone, causing cracks to develop in the rigid zone (Fig. 2).

(b) Bergschrund: Are very deep cracks (although < 40 m) that occur in the rigid zone of a glacier close to its head (close to a cirque; see below) and form in a way similar to that of crevasses (Fig. 2). 

VI- Erosional features of the glacial environment: 

Glacial erosion takes place by either abrasion or plucking, and produces the following features:
1-
Cirques: Are depressions in the heads of glaciers that form by plucking and undercutting rocks in the highest peaks and ridges (Fig. 4).

2-
Arêtes: Are sharp ridges separating two adjacent cirques or glacial valleys (Fig. 4).

3-
Horns: Are very sharp and pointed peaks close to the heads of glaciers that form by the erosion of arêtes, and may thus be the points where three cirques meet (Fig. 4).

4-
Hanging valleys: Unlike rivers, tributaries feeding into a main glacier do not erode down to the level of that main glacier, as they have less ice. This results in the formation of hanging valleys feeding into the main valley at a much lower level (Fig. 4).

5-
U-shaped valleys: (Fig. 4)

6-
Striations

7-
Rock flour

8-
Rock steps and rock basin lakes: Rock steps are formed by the plucking action of the glacial ice, removing large blocks of rock along fractures or other planes of weakness. Melting of glacial ice may result in the accumulation of meltwater in these "steps" to form a series of lakes (Figs. 4 & 5).

9-
Fjords: Fjords are U-shaped valleys that are presently occupied by seawater. They form after the glaciers melt resulting in a rise in sea level which in turn causes the U-shaped valleys next to the shore to be flooded with seawater.

10-
Roches moutonnées (Fig. 6): Are ice moulded hills of resistant bedrock which have gentle slopes on the side facing the glacial movement direction (upflow side), and steep slopes on the lee side (down-flow side).

VII- Depositional features of the glacial environment:

1- Till: Poorly sorted glacial sediments 

2- Erratics: Very large boulders carried by a glacier over long distances and dropped in an area "foreign" to them.

3- Morraines: Are poorly sorted glacial deposits dropped in different parts of the glacier to form ridges (Fig. 8).

Types: Lateral moraine: ridges along the sides of a glacier

Medial moraine: Formed when two glaciers merge to form a single ice stream.

Terminal moraine: Deposited at the end or snout of a glacier.

Ground moraine: Represents the material dragged along the bottom of a glacier, and which can be seen after the glacier melts.

4- Kettles: Are hollows in the glaciofluvial plains which represent undrained depressions (Fig. 7).

5- Outwash: Well sorted sediments carried by streams from a melting glacier (Fig. 9).

6- Drumlins: Are whale-shaped mounds of till elongated parallel to the direction of ice movement. Drumlins therefore have their blunt ends and steepest slopes in the up-current direction, and their tapered ends and gentle slopes on the lee side (Fig. 9).

7- Kames: Are mounds that consist of sand and gravel deposited near the edge of retreating ice. They are built up like alluvial fans or cones by the streams emerging at a high level from a temporarily stagnant ice front.

8- Eskers: Are long, winding ridges of sand, silt and clay deposited in the former channel of a stream flowing from the edge of a receding glacier (Fig. 9). They therefore represent a series of kames deposited progressively in the upstream direction.

9- Varves: Are alternating bands of light- and dark-coloured sediments deposited in lakes in the outwash plain of a glacier. The light-coloured bands consist of silt deposited in the summer when the ice melts; whereas the dark-coloured bands consist of clay (rich in organic material) deposited in the winter when the lake water freezes causing all sediments (including the finest clay) to be deposited together with plant and animal remains that did not survive such low temperatures.

VIII- Causes of ice ages:

1- Variations in the earth's orbit and inclination to the sun.

2- Changes in the heat supply from the sun

3- Volcanic ash blocking the sun rays.

4- Changing of the positions of the continents

5- Changes in the circulation of seawater

6- Sliding of the Antarctic ice sheet over the ocean.

