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How Thick IS the Ice?
The distinction between the thickness of the ice, 
and the elevation of the ice surface - and the el-
evation of the underlying continental material is a 
complex one for students to grasp.  Students can 
draw a cross ection to showing the elevation of the 
surface of the East Antarctic Ice Sheet (EAIS) and 
the West Antarctic Ice Sheet.  The elevation of the 
underlying bedrock ranges from below sea level to 
~1500m asl; this can be viewed at bedmap 
(http://www.antarctica.ac.uk//bas_research/data/ac
cess/bedmap/). This is a critical for building an un-
derstanding of the grounding line, and the impor-
tance of whether the grounding line is above or 
below sea level. That the bedrock has topography 
that provides a record of pre-glacial erosion and 
drainageways is also a novel concept. An exercise 
focusing on this aspect of Antarctica’s glacial his-
tory still needs to be fully developed.  

Ice surface elevation from Ingólfsson (http://www3.hi.is/~oi/index.htm) 

Ice thickness from Bedmap 2 
(http://p2o2-geo.blogspot.com/2008/07/antarctica-bedmap-bedmap2.html)

How long has Antarctica been covered with Ice? 
Has the extent of ice coverage changed?

The 3D map exercises were developed to provide stu-
dents and teachers with a framework that would allow 
them to better understand how ANDRILL 
(http://www.andrill.org) geoscientists are accessing and 
using sediment cores obtained from Antarctica’s Cenozoic 
sedimentary archives to answer this question.
  
Familiarity with the geography of the Antarctic cryosphere 
provides a basis for introducing the very practical aspects 
of ANDRILL drillsite selection, which include: 
1. Identification of areas that have acted as sedimentary 
sinks for the past 20 my
2. Selection of a seasonally ‘accessible’ location that also 
allows access to the desired sedimentary intervals AND is 
‘practicable’ & safe
3. Selection of a location where ash from volcanic erup-
tions will likely provide absolute age control
4. Selection of a location based on a good predictive 
knowledge of the sedimentary sequence through previous 
research, including seismic surveys 

Background
Increased awareness of and curiosity about Antarc-
tica, ice shelves, and ice sheets has been harvested 
well by education and outreach taking place during 
the International Polar Year. Relatively few students or 
educators, however, have specific knowledge about 
the geographic location of these glaciological entities, 
or of the mechanisms by which they form, move, dis-
integrate, or how they may modulate or impact oce-
anic circulation and global climate. This lack of gen-
eral background makes it difficult to introduce the finer 
details associated with ANDRILL (ANtarctic geological 
DRILLing, www.andrill.org). To this end a 3D anaglyph 
map of Antarctica was created by the Antarctic Geo-
spatial Information Center (AGIC) from Radarsat SAR 
Mosaic, with elevation data from RAMP version 2 to 
assist in teaching and learning. 

How are the Maps Made?
The anaglyph stereo maps are created from digital
elevation data.  The data is rendered in shaded relief illu-
minated from the Northwest, to produce a three-
dimensional effect. A stereo "mate" to the original image 
is then created. The two images are blended to create a 
red and cyan anaglyph image.

How do the Glasses Work?

When students ask about how the red/cyan anaglyph 
glasses work, one way to explain them is:
“People are able to see three dimensions because they 
get information about every surface they see through 
both eyes.  Their eyes and brains then process this in-
formation so they can ‘see’ the three dimensional sur-
faces.  When we are looking at a flat piece of paper, it 
has no third dimension. The anaglyph stereo maps take 
an ordinary flat topographic (or other) map that has 
been ‘illuminated’ with shading to give an impression of 
three dimensions, and then separates out the red and 
the cyan (blue) component of the shading (this is what 
gives the maps their ‘unfocused’ look, if one is not wear-
ing glasses). When an observer wearing the glasses 
looks at the map, one eye sees the cyan component, 
and another eye sees the red component, and because 
they were ‘offset’ on the printed map, they get combined 
by our eyes and brains to produce a three-dimensional 
image.” 
These maps are made so that one uses cyan (blue) for 
the right eye and red for the left eye. 

Enthusiastic St. Cloud Hons 220 Students review their 3D map interpretation 

Getting oriented in Antarctica can 
be confusing.  Students may need 
to be reminded that the Prime Me-
ridian (0o Longitude) runs through 
Greenwich, England. Areas to the 
west of 0o as far as 180o are gen-
erally identified as ‘west’ by the 
early explorers, and areas within 
the region 180o east of the prime 
meridian are referred to as ‘east’.  
Students are asked to plot a series 
of locations (lat, long) on a map of 
Antarctica, and then answer the 
question:  If you are standing on 
the Ross Ice Shelf and looking 
NORTH (as did early homeward-
bound explorers), explain why the 
area termed West Antarctica lies to 
your east, and East Antarctica lies 
to your west 

Why do I Travel West to get to East Antarctica ?

Is Antarctica just ‘White Nothingness’?
Students are instructed to use their observations of elevation 
and texture to divide the map into visually distinct regions. 
Observation of the 3D anaglyph map elicits predictable ques-
tions that become the foundation for learning about the cryo-
sphere and its continental underpinnings and history in Ant-
arctica. 

Visually distinct features in the map are:
1.  Low-elevation, flat regions =  ICE SHELVES 
2.  High-elevation flat areas = ICE DOMES, ICE DIVIDES, & 
THE POLAR PLATEAU
3. ‘Wrinkled’ and ‘rough’ areas of varied and intermediate el-
evation = CREVASSED REGIONS THAT MARK OUTFLOW 
OF THE ICE SHEETS AND AREAS OF ICE STREAMS
4. ‘Rough’ or ‘jagged’ areas with significant relief = TRAN-
SANTARCTIC MOUNTAINS (& ANTARCTIC PENINSULA)
5. Region of rapid change in elevation in relatively ‘untex-
tured’ surface = COASTAL REGIONS OF THE EAIS
 
Students initially focus on an objective description of the map 
units. After completion of the map with their ‘units,’  they can 
be presented with a series of descriptions  for ice shelves, ice 
domes, ice divides, the polar plateau, the Transantarctic 
Mountains, ice streams & outlet glaciers, to which they can 
match their mapped units. This second phase of the exercise 
represents the interpretation of the data that they have orga-
nized.

Saint Cloud State Hons 220 “Antarctic Geoscience’ Student Work

Map from Australian Antarctic Division (http://www.aad.gov.au/)

Most students have little or no 
familiarity with images of glacio-
logical features, and limited un-
derstanding of their develop-
ment. In order to build this 
knowledge, students examine a 
variety of images that include 
ICE SHELVES, TABULAR ICE-
BERGS, SEA ICE, POLYNYAS, 
the TRANSANTARCTIC 
MOUNTAINS, the DRY VAL-
LEYS, as well as images of ICE 
SHEETS that include vistas of 
the POLAR PLATEAU, SAS-
TRUGI, CREVASSES, and 
OUTLET GLACIERS. The for-
mation of each of these compo-
nents is presented and dis-
cussed using online 
(http://nsidc.org/ , 
http://usarc.usgs.gov/, 
http://www.nasa.gov/vision/eart
h/environment/cryosphere.html) 
and traditional textbook re-
sources. Students then com-
plete an exercise where they 
identify and discuss features in 
a set of images.

What do the Different Areas Look Like? 
How do they Form?
.
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