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A Beginner’s Guide to Glaciers.

Permanent snow and ice currently covers 10% of the earth’s land surface.

Glaciers and ice sheets currently cover approximately 10% of the
Earth’s land surface. Located principally in the high latitudes.

(NASA BlueMarble Image-July)

The largest areas are ice sheets in Greenland and the Antarctic. There is also permanent snow in
Alaska, Iceland and Sweden and in mountainous areas, which even include Kilimanjaro. Glaciers in



mountainous areas are confined to the valleys.

“Topographically constrained”

Valley Glacier: Upper part of the Mer de Glace in the French Alps

Ice caps and ice sheets cover larger areas, bury the underlying topography and are sometimes many
kilometres thick. Mountains protrude above the ice as nunataks. The flow of ice from ice sheets is
determined by the ice surface slope and not by the topography.

— —

Ice Sheet: Eastern margin of the Greenland Ice Sheet (note submergence of the
coastal mountains appearing as isolated “nunataks”)



Fundamentally the glaciers and ice sheets are just a part of the hydrological cycle and cause sea level
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Fundamentally, they're just another part of the

hydrological cycle... (Price, 1996, p15)
change.
Transgression and regression are often associated with the melting or accumulation of ice
respectively. The ice forms large hydrological reservoirs. For example, in India many of the
population depend for their water supply on glacial meltwater.

Accumulation Zone. There is net accumulation when the amount of snow settling is more than that
which melts. Richard showed us a photo of a hole dug in Alaska, in an accumulation zone, where it
was found that more than 6 metres had accumulated in one year. The snow layers are subjected to
melting and refreezing and compression, which eventually produce glacier ice.

An ablation area is in the lower reaches of the glacier, where there is more melting than
accumulation, such as central Iceland, the ice appears dirty as the sediment carried within it is
exposed. Ablation is loss in ice mass due to processes such as melting, sublimation (ice changing to
gas without going through a liquid phase), evaporation, ice calving, aeolian processes like blowing
snow and avalanches.



Ablation area: During the summer months, the ice created in the
upper reaches is ablated.

If a glacier terminates in deep water, it floats and fractures. Chunks of ice can break off which is
termed calving and icebergs are produced.

Calving: Alternatively, if the glacier terminates in deep water, ice can
be lost through calving to produce icebergs.

The motion of a glacier moves excess ice from the accumulation zone to the ablation zone, where
there is net loss of ice and this maintains a stable glacier profile. If accumulation is more than
ablation, the glacier will advance. If accumulation is less that ablation, the glacier will retreat, as
happens more often nowadays. This depends on the climate.

The World Glacial Monitoring Service has produced a browser showing fluctuations of glaciers. The
service has records for many glaciers. For instance Storglaciaren in Sweden the mass balance data
shows that the glacier has retreated by 600 metres since 1890. Photos show that the glacier once



reached between ridges to the lowland and now there is a stretch of bare valley to be crossed
before the ice is reached. Erik Schytt Holmlund has a website giving a lot of information about
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many glaciers.

Richard showed us a graph of the cumulative front variation of the Columbia (627) glacier in Alaska
measured from 1890 to the present. The ice front was fairly constant until late 1980s, when within a
few years there was a loss of 15,000 metres. The website
https://earthengine.google.con/timelapse/ shows a series of images of the rapid recession of the
glaciers from 1984 including the Columbia Glacier.

COLUMBIA (627), US (WGMS_ID: 156)
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Another example was Hagafellsjoekull in Iceland. Here the cumulative front variation shows rapid
fluctuations. This is an example of a tidewater glacier. The rapid fluctuations are because there is


https://earthengine.google.con/timelapse/

calving at the front of the glacier which then advances again. These are surge events and are not
because of the climate.

HAGAFELLSJOEKULL E, 15 (WGMS_ID: 3081)

E
1 \
2 ,
"
£ \'\
-
g é \
£ \
'_; h
E g \ ~ |\
S \ N
% ™, :
Y j!
I\. %,
% \ T T T T T T T T T T T T
1900 18920 1840 1880 1880 2000
Sosre WOALS Fol cetetane wereon 3008 TIITIE [YEHF"B-] Nobs Fooma of abepuoes B

O 0 S ma-logr T -0

http://www.wgms.ch/data/min-data-graphs/3081 FV cum.png

There can be surge events, when the drainage under the ice of the glacier breaks down, water builds
up under the ice, lubricating the surface so that the glacier surges forward.

The effect on the landscape

Richard’s particular interest is glacial interaction with permafrost. In the Canadian High Arctic the ice
is retreating. There is some vegetation. It has managed to ‘sleep’ under the ice and grows again
when the ice retreats.

Large amounts of sediment move with the glacier. The inputs are produced by mass movement and
material washed down, added to material that falls on the ice and all are carried down by the ice.
Erosion takes place beneath the ice which scrapes and breaks off material which is then moved by
the glacier. Therefore debris is transported which either falls on the ice, is carried in the ice or at the
base of the ice. Subglacial rock fragments can have surfaces scraped flat. Supra glacial material is
very angular having been passively transported as on a conveyor belt. All of this material is carried
great distances. Material emerging as the glacier melts is sorted by meltwater and transported
further.


http://www.wgms.ch/data/min-data-graphs/3081_FV_cum.png

Richard showed us a photo of Skaftafellsjokull in Southern Iceland and asked us to discuss in pairs,
the effect on the landscape.

~

The glacier travels from the mountains down a deep U-shaped valley with the typical features like
truncated spurs. In the photo on the right, on the surface of the glacier there are lines of medial
moraine between 2 glaciers which have joined together. The sides of the glacier are dirty with
material washed down from the valley sides or melted out of the ice. The snout of the glacier is
rather dirty in colour where it is melting and exposing the debris carried in the ice. There is
hummocky terrain made up of gravels in the lowland, showing material deposited as the glacier
melts. There are ridges of recessional moraine recording the stages of the retreat of the glacier
Immediately in front of the glacier is a pro-glacial lake of meltwater from the glacier which is trapped
behind the moraine. Meltwater streams are cutting their way through these deposits as braided
streams, which change course annually.

There are different landforms and deposits commonly associated with different process
environments. In glacial regions, the erosional features are striations, scratches which show the
direction or ice flow. Corries, also known as cwms or cirques, are hollows high on hillsides where
snow collects, eventually to give rise to glaciers. Pyramidal peaks and narrow steep sided ridges
(arétes) are left between adjacent glaciers. The associated deposits include moraines and drumlins.
In a fluvioglacial environment, meltwater from glaciers can erode meltwater channels which may
now be dry valleys. The deposits include eskers and kames and huge outwash plains (sandur). In
lakes, sediment is deposited in layers, varves. The coarser material is washed into the lake in
summer and fine sediment settles out gradually in winter. In glacimarine environments there are
icebergs, which can carry ice-rafted debris.

A warm-based glacier enables sediment to move when the ice is still moving but melting, to produce
a push moraine. There may be re-advances and retreats of the glacier. When it melts there are
greater rates of erosion and sediment flux and accumulation. Braided river systems move the loose
sediments.

Lumpy, hummocky ground is an area in which you find kettle holes. These were formed where there
were buried ice blocks. In Iceland, there are sometimes sub-glacial eruptions. Melt water rushes in



a huge flood and quite big blocks of ice are torn off from the ice margin and buried in debris which
has been carried out. When the ice melts the sediment above collapses leaving a kettle hole. There
was a huge kettle hole flood event in 1996. (Kettle holes are found in Herefordshire but the buried
blocks of ice here were not associated with volcanic activity.)

The photo above shows an area of hummocky ground and a close up of a very steep-sided kettle
hole in Iceland.

Glacial imprint on the British Landscape.



Ocean cores and ice cores can give a record of the last 1.6 million years. For example a core drilled
at Vostok in Eastern Antarctic shows the temperature changes over the past 400,000 years.
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Vostok Ice Core: a 400,000 year record of climate change

Common misconception that there was
“an Ice Age”.

Ocean core and ice core records indicate
that in reality there have been atleasta
dozen glacial/interglacial cycles over the
last 1.6 million years.

Eighteen thousand years ago, 25% of the earth’s land surface was covered with ice. The Fenno-
Scandinavian Ice sheet included the British/Irish ice sheet, which extended out from the continent to
the edge of the continental shelf. Only southern England was uncovered.

Climatic changes associated with growth and decay of continental
ice sheets, principally located in the Northern Hemisphere...
(c. 25% of global land surface covered 18,000 years ago)

(from Goudie, 1992 p3T)

River Thames was shifted to a more southerly course by the advance of the Anglian ice sheet.



(Jones & Keen, 1993, p78)

The British-Irish Ice
Sheet

........

The dashed line shows the
“traditional” LGM extent.

New research suggests the
BIIS was more extensive than
previously thought (solid
line).

.....
.
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Clark, C.D. etal. (2012) Pattern and timing of retreat of the last British-Irish Ice Sheet.
Quaternary Science Reviews, vol. 44, 112-146.

The classic image of an upland area which has been glaciated shows arétes, corries, U shaped
valleys, hanging valleys and pyramidal peaks, all of which are found in upland Britain.

The Classic
Image

(Selby, 1985, p437)

Richard showed us an aerial photo of the Snowdonia area and in pairs we looked to see how many of
the features we could find. He showed us photos of striations which showed two directions of
movement, one by the full glaciation when ice moving along the large lower valleys diverted the ice
flow and one smaller later ice movement associated with the more confined effects of the Loch



Lomond Stadial, the last stage of the Devensian with another ice advance 10 to 11 thousand years

ago.

Preglacial features, tors, have been preserved beneath cold based ice in the area of the Cairngorms.
The ice did not erode the plateau but just depressed the crust.

In lowland landscapes, there are moraines, melt water channels, and eskers, which develop when
tunnels under the ice clogged with sediment. The Britice project has done a lot of work on glacial
features in Britain

N \ s S Bemingran

https://www.sheffield.ac.uk/geography/staff/clark chris/britice_v2/index




An aerial photo of the Keele area shows one of the largest moraines in UK towards the south west of
the photo pushed against the Pennines, a push moraine.

Meltwater is an important element of erosion, transportation and deposition in glacial
environments. The Stoke Series of meltwater channels that breech a drainage divide have no
modern drainage. They are NW-SE trending cutting through a ridge.
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The River Thames River Thames was shifted to a more southerly course by the advance of the
Anglian ice sheet.

(Jones & Keen, 1993, p78)

It was previously associated with the Bytham River which took a more northerly route and was
bulldozed southwards in the Anglian.

Glaciation and Climate Change: recent changes and future prospects.
Most of the world’s glaciers are now in retreat.

http://wwwswisseduc.ch/glacier/alps/big_melt/index-en.html shows changes that have taken
place in glacial environments in the Alps, with all the glaciers in retreat.
http://www.swisseduc.ch/glaciers/alps/rhonegletscher/rhonegletscher-00-08-en.html

http://www.swisseduc.ch/glaciers/morteratsch/comparison/index-en.html

The pictures below show how far a Swiss glacier has melted and retreated in about 100 years. Most
glaciers world-wide are in retreat.


http://wwwswisseduc.ch/glacier/alps/big_melt/index-en.html
http://www.swisseduc.ch/glaciers/morteratsch/comparison/index-en.html

Ascund 1900 (hand coloured postcard)

Rhone Gletscher
http://www.swisseduc.ch/glaciers/alps/rhonegletscher/rhonegletscher-00-08-en.htm|

Hazards can be caused by deglaciation. The mountain sides in U-shaped valleys were buttressed by
the ice. After deglaciation the steep slopes are not supported and landslips can result. There was
the collapse in 2002 in the Caucasus Mountains of the valley sides after the retreat of the Kolka
Glacier in Russia, producing a debris flow which went 24 km down the valley and buried a number of

small villages.
Future ice sheet stability.

The brighter colours show the fastest moving ice streams in Antarctica.

Surface velocity map of the Antarctic Ice Sheet that clearly highlights the

presence of fast flowing ice streams and ice shelves.
https://svs.gsfc.nasa.gov/vis/a000000/a003800/a003848/antarctica flows 1 00200.jpg




The Antarctic ice sheets feed down into ice shelves floating on the sea. The Larsen Sea ice shelf A
collapsed in 1995. As the ice shelf thins deep water can come in under the ice. This is slightly

warmer and melts the ice shelf from the bottom as well as from the top downward. Then the glacier
feeding it can advance more rapidly.

Illustration of the proceses assoCiged withtherecent rapid recession of Pine Isknd
Glacier that illustrates the imporance of ice-ocean interactions.

Recession of the PIG has delivered an average of 20 billion tonnes of ice to the Southern
Ocean between 1992-2011 — largest single contributor to sea-level nse.

Maodified from: hitpy Swwnw. antarctice laciers. org

Larsen B failed in
2002. Larsen Cice shelf was 48,600 square kilometres. An Iceberg of 5,800 square kilometres broke
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off in July 2017.

The website below shows the crack along the edge of the Larsen Ice Shelf along which it eventually
broke off as a gigantic ice berg. http://www.bbc.co.uk/news/science-environment-39055524



http://www.bbc.co.uk/news/science-environment-39055524
http://www.bbc.co.uk/news/science-environment-39055524

Volume loss from all the ice shelves in West Antarctica is accelerating. The ice shelves are
fragmenting. The ice shelves retreat in deep water and the process accelerates. East Antarctica is
relatively stable.

Paragraph of Moira’s thoughts on the Antarctic. “My late husband, Brian, was at the Halley Bay Base
in Antarctica in the early 1970s. Last year, 2016, | went to the 60" anniversary of the British
Antarctic Survey Halley Base which is sited on the Brunt Ice Shelf at the other side of the Weddell
Sea from the Larsen Ice Shelf. The latest base Halley 6 had been jacked up and moved successfully
on giant skis, a distance of 23 kilometres to the landward side of a crack in the ice. Brian had crossed
this crack, which he called Rosette Chasm, on field trips. In recent years the crack had started to
spread and endangered the base threatening to cause a large section of ice shelf on which the base
was situated to break off as an iceberg. It was a great achievement to move the whole base,
unfortunately a new, rapidly spreading, crack was discovered at Halloween 2016, at right angles to
the previous crack. The base is still in danger of becoming detached from the rest of the ice shelf, if
the cracks join up. The base was abandoned for the winter season, when there are 3 months of
darkness and the storms and intense cold would make it extremely difficult to evacuate the base
personnel in an emergency. This is the first time in 60 years that there have not been continuous
measurements recorded by all the instruments at the base. | have just heard that scientists are
there again for the Antarctic summer but will leave again over the winter of 2018, which
corresponds to our summer in the northern hemisphere.”

Richard’s Concluding Thoughts
* Glacier fluctuations are linked to climate through the fundamental concept of mass balance.

* Associated with the generation of spectacular landscapes and a broad range of “process
environments”.

* Glaciers have left a distinctive landscape legacy in the U.K. - can be viewed as the product of
long-term climate change.

— Upland erosional landscapes (spectacular)
— Lowland depositional landscapes (important)

« Majority of the world’s glaciers have retreated since the mid-19" Century in response to
climate change.

* Growing concerns about the medium-term stability of the Greenland and West Antarctic Ice
Sheets in particular.

Answers to Questions

In Western Antarctica the ice shelves are floating on the sea in deep water. If the base of the ice is
below sea level, it is more susceptible to change. Change in water circulation is important as the ice
melts from below. In Eastern Antarctica the ice is land based and higher in elevation.

The uplift of Tibetan Plateau in the Tertiary started the modern cooling trend, which led to the Ice
Age in the Quaternary.

Whereas the Antarctic is a continent, the Arctic has only sea ice. The melting of this ice has
negligible effect on sea level. There has been great loss of sea ice in the Arctic which has almost
halved in a couple of decades. Though the Artic is less cold, cold air can move further out and can
lead to colder winters. The Gulf Stream does not show significant reductions in salinity and density
at present. There is no evidence that it is closing down. There is a large increase in the amount of



carbon in the atmosphere. If the Greenland Ice cap melts, sea level will rise by about 7 metres. Itis
stable at the moment. The Laurentide Ice sheet has gone already. This was marine based in the
area of Hudson Bay in the north of Canada. If the West Antarctic ice melts sea level will rise by 20 m.
East Antarctica is stable at the moment. If the ice there was all to melt there would be a sea level
rise of about 80m. The rate of sea level rise is increasing. Sea level is rising by about 1mm per year.

The Thames Barrier, which was lifted infrequently, is used several times a year now.

Isostatic uplift is a slower process than the melting of ice caps and the sea level rise. As the melting
slows isostatic rebound happens slowly and there is a relative fall in sea level. Raised beaches are
seen in glaciated areas such as the north of Scotland. In Scandinavia sea level is still falling because
isostatic rebound is still occurring.



