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Why is ice important for Earth processes ?
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Climate oscillations during the last 140 kA
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As ice sheets grow, they lock up water that otherwise would fill the ocean basins. During
glaciations, sea level falls proportional to the amount of water stored in ice caps and
glaciers. During interglaciations, sea level rises as ice caps and glaciers shrink and meltwa-
ter returns to the oceans.



Recent climate oscillations
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Remnants of the past glacial periods

usaGs

Moraines

Alpine moraines can be mapped in the
field and used to define the
down-valley extent of now-vanished
glaciers. Moraines, which are built by
deposition of material from melting ice,
are found only in the ablation zone. In
the accumulation zone, ice extent is
defined by the extent of glacially
polished rock and trimlines where
weathered rock has been removed by
glacial erosion.
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Using a topographic map and the
location of mapped moraine segments
and trimlines, one can sketch the
outline of the glacier that once filled
the valley. Empirical studies have
shown that, on average, about 2/3 of an
alpine glacier’s surface area lies in the
accumulation zone and 1/3 lies in the
ablation zone. Using this
accumulation area ratio (AAR) of 2/3,
one can define the former equilibrium
line altitude or ELA, the boundary
between the accumulation and
ablation zones. The surface of the
reconstructed glacier can be contoured.
In the accumulation area, the contours
are convex up glacier because ice flow
is convergent. In the ablation zone, the
contours are convex down glacier
because the flow is divergent. You can
create a cross section of the vanished
glacier using the contour map-based
glacier reconstruction.

During the Younger Dryas cold period
between about 12,800 and 11,500
years ago, the ELA in the Alps fell
almost 400 m below its elevation today.
During the Little Ice Age (between
1300 and 1850 CE) , the ELA dropped
110 m from today's elevation of 2230
m. Assuming that ELA changes reflect
only cooling, and considering a lapse
rate of 1° C per 100 m elevation, the
Little Ice Age was about a degree
cooler than today. Younger Dryas times
were about 4° C cooler.



Glacier types on Earth
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Glacier types on Earth
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Effects of glaciation
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Effects of glaciation
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Effects of glaciation
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Glacier mass balance
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Glacier type and flow dynamics

Cold-based
glacier

Warm-based
glacier

Warm-based
glacier on till

Depth

Sliding along base
[ (basal sliding)
|

Ice

Sliding along base
| [ ~— Till deformation

Yvy

Y

Ice

I
T
1
T
I
I
1
i
1
T
1
I
I
i
1
1
I
I
1
1
1
1
I
I

\

Deforming,

e fluidized till

= 0w s 2l
SEE SR InT N B S
/\'/\/\'/.’\ ST R Y, . * A N
.~ ~ / /\/\-\/ = N7 = - wE N =
i =l — 70 \/ - =4 A
5 0Y.20/ Bedrock < e e edrock T
o '-\—\ Aos TV N G A e i e e G
/-"l'\/-/\/—/’ ’e /\/—/'f'\/-/\/— ‘/.\/—-—,"\/-/\/ ,/\/./.\/—-—"/'\/-
/"'\—\ /'/‘\ e /1'\—.\~ "/‘ |_'/'1'\‘~\- = \‘\“\-J~'/'l.\‘:\ =
Velocity > Velocity >

Cold-based ice is frozen to
the bed. Ice movement is
driven by deformation (creep)
of the ice driven by the ice
surface slope 6. Creep rates of
ice are slow.

Warm-based ice is not frozen to
the bed and thus can slide over
the bed in addition to deforming
internally. Ice can move quickly
by sliding, especially in summer
when there is more meltwater.

Some warm-based ice not
only slides over the bed and
deforms internally, but is
underlain by mobile
deforming till above
undeforming, stable till.



Glacier flow dynamics and erosion action
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Regelation occurs when ice flows over rock obstacles on the glacier bed. Pressure-melting of ice up-glacier of
an obstacle releases water, which then travels down ice to areas of lower pressure and consequently refreezes
This refreezing may incorporate debris and enrich the remaining solution in elements such as calcium, which
precipitates and forms calcium carbonate coatings on subglacial rock surfaces. Regelation facilitates the
movement of warm-based glacial ice over rough bedrock beds.
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Permafrost

e Ground frozen for at least
two years

e High elevation or high
latitudes
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Permafrost

No permafrost Permafrost
Energy exchange with the atmosphere
Temperature g j Active layer Temperature
—_ -

[
1 (thawed permafrost -~ .. - % layer

I
1
B

B IETEITY JO S00L 01501

Y

A

Y

|

< —

O e —

M

+

)

—<—0C—>+

Continuous

Sporadic Discontinuous

Permafrost can be continuous or discontinuous. Above the
permafrost, the active layer, which is decimeters to meters
thick, thaws every summer. Unfrozen material under the
permafrost or within permafrost is known as a talik. Talik
depths increase under lakes and rivers.




Permafrost: soil dyamics
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Permafrost: solifluction (gelifluction)

e Slow mass movement of soil and regolith affected by alternate
freezing and thawing of the upper soil layer

e Characteristic of saturated soils at high latitudes/elevations

e Movements (slow)
occur during the
summer thawing of
the upper layer
overlying the
permafrost




Rock glaciers

e Talus-derived rock glaciers (periglacial form): caused by continuous
freezing occurring within a talus slop

e 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
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Glacial and periglacial hazards

» Glacier dynamics (for sky/tourism-related

infrastructures)

e Glacial
» Sudden collapse of seracs/icefalls

» Glacial lake outburst floods (GLOFs)

» Solifluction (for infrastructures)

» Rock glacier movements (for
infrastructures)

* Periglacial > 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

e Collapse of icefalls

Plaies (TrafOi, BOIZa no, 2014) Photos courtesy of the Provincia di Bolzano



acial and periglacial hazards

Photos courtesy of the Provincia di Bolzano




Glacial and periglacial

et
S

* 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 jokulhlaup.
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Glacial and periglacial hazards

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

* GLOF
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Glacial and periglacial hazards

e Rapid mass movements

Rock glacier

Moraine

Photos courtesy of the Provincia di Bolzano



