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Why is ice important for Earth processes ?

• The phase diagram of water



Climate oscillations during the last 140 kA



Recent climate oscillations

1893 2008

From Zebisch & Niedrist (2011)



Remnants of the past glacial periods



Glacier types on Earth



Glacier types on Earth



Effects of glaciation



Effects of glaciation



Effects of glaciation



Glacier mass balance



Glacier type and flow dynamics



Glacier flow dynamics and erosion action



Permafrost

• Ground frozen for at least

two years

• High elevation or high 

latitudes



Permafrost 



Permafrost: soil dyamics



Permafrost: patterned ground



Permafrost: solifluction (gelifluction)

• Slow mass movement of soil and regolith affected by alternate 

freezing and thawing of the upper soil layer 

• Characteristic of saturated soils at high latitudes/elevations

• Movements (slow)

occur during the

summer thawing of

the upper layer

overlying the

permafrost



• Talus-derived rock glaciers (periglacial form): caused by continuous

freezing occurring within a talus slope

Rock glaciers

• Glacial rock glaciers (glacial form): created by the recession of

debris covered glaciers. As the glaciers shrink, their composition

changes as they become increasingly covered with debris.

Eventually, the glacial ice is replaced by ice cored rocks



Rock glaciers



Glacial and periglacial hazards

• Glacial

• Periglacial

� Glacier dynamics (for sky/tourism-related

infrastructures)

� Sudden collapse of seracs/icefalls

� Glacial lake outburst floods (GLOFs)

� Solifluction (for infrastructures)

� Rock glacier movements (for

infrastructures)

� Rapid mass movements due to permafrost

reduction (loss of ice-related cohesion)

� Long-term aggradation in the channel

network for increased sediment supply



Glacial and periglacial hazards
• Collapse of icefalls

Plaies (Trafoi, Bolzano, 2014) Photos courtesy of the Provincia di Bolzano



Glacial and periglacial hazards
Photos courtesy of the Provincia di Bolzano



Glacial and periglacial hazards

• GLOF

A type of outburst flood occurring

when water dammed by a glacier or a

moraine is released.

A water body that is capped by the

glacier is called a sub-glacial lake.

When a sub-glacial lake bursts, the

event is sometimes called jökulhlaup.

• Frequent in Iceland 

and Himalaya

• Locally in the Alps



Potential triggers, conditioning factors, and key ‘phases’ in a GLOF event are highlighted. Potential

triggers include: (A) contact glacier calving; (B) icefall from hanging glaciers; (C) rock/ice/snow

avalanches; (D) dam settlement and/or piping; (E) ice-cored moraine degradation; (F) rapid input of

water from supra-, en-, or subglacial (including subaqueous) sources; (G) seismicity.

Conditioning factors for dam failure include (a) large lake volume; (b) low width-to-height dam ratio;

(c) degradation of buried ice in the moraine structure; (d) limited dam freeboard. Key stages of a

GLOF include (1) propagation of displacement or seiche waves in the lake, and/or piping through the

dam; (2) breach initiation and breach formation; (3) propagation of resultant flood wave(s) down-

valley.

Adapted from Richardson and Reynolds (2000a) and Westoby et al. (2014)

Glacial and periglacial hazards



Glacial and periglacial hazards

• GLOF

From Merkl et al (2015, EGU presentation)



Glacial and periglacial hazards
• Rapid mass movements

Rock glacier

Moraine

Photos courtesy of the Provincia di Bolzano


