ESS 203 - Glaciers and Global Change
Monday January 28, 2008

Have you made plans to attend -

Focus the Nation
January 31 (Thursday)

http://depts.washington.edu/uwfocus/

It's Free, but you should reserve spaces for sorants,
e e.9. Town Hall (Kane 130, 7-9 PM politicians te t
“hot” seat).

Going to an event
Not going to an event




Ed’s proposal for a writing assignment

If you attend d&ocus the Natioevent at UW, please
write a one-page report about the event that yimumneht

If you are unable to attend any of the events,qalea
researclocus the Nation the web, and write a onet
page report about it.

You could

* Outline new points that you learned.

* Relate these points to your life, or to your geqdmc
region, or to your proposed career.

Don’t just cut-and-paste off the web — that would beplagiarism.
Relate Focus the Nationto your own experiences and goals.




Ed’s proposal for a writing assignment

| have set up a Catalyst-TodI®llect It site linked from L
the class ASSIGNMENTS page, where you can up-load
your writing.

| am still thinking about combining all yoiocus the
Nation submissions into a web document.

 Good idea, bad idea?

e If good, should | remove names from the contring?

Assignment will be due Wednesday Feb|06.




Midterm next Monday - Feb 04

| have posted 6 study guestions.

o | will expect you to work through the questiongian
talk about them with your peers during this week.

3 of those study questions will comprise the test.

Group study/discussion session this week?

 After you have checked out the guestions, you can
meet with class mates to talk about how you would
answer them.

| can try to book a room for a time (or times) whe
most people can come.



Homework Assignment

Before your Lab this week, please read pages 164 |
textFrozen Earth

This material covers evidence for larger glaciarghe
past. Our next 3 Labs are about evidence of g&cie
In the Seattle area.



Group Term Project

You should be thinking now about possible topics to
research for your group project.

There are a few suggestions on the class web Isas
sure you can think of many more. Your topic should

 Involve some component of the cryosphere, (and
changes In It).

e Use at least one source from peer-reviewed liiesat

| have set up &0 Postdiscussion board linked from
GROUP PROJECTS on the class site,

e You can describe your interests for a project.

* Find potential group partners with similar inteszsst

e Try to find partners in your own Lab section.



Glaciers In the
Seattle Times
Jan 27, 2008

(Travel section)

Glacier express gives new meaning to “going to thaogs”.
Sled dogs used to get summer vacations. But 10 ysago,
someone came up with the concept of dog-sleddingutest rides,
and a perfect opportunity presented itself.

May-Sept. 250 dogs, tourists helicoptered up from cnse ships.
Norris Glacier, Juneau Ice Field, SE Alaska.



ArCti C Sea I Ce EXte nt EOS, TRANSACTIONS, AMERICAN GEOPHYSICAL UNION
Plummets in 2007

Vol. 89, No. 2, 8 January 2008



Exploring Arctic
Transpolar Drift During
Dramatic Sea Ice Retreat



ESS 203 - Glaciers and Global Change
Monday January 28, 2008

Outline for today
 VVolunteer for summary on Wednesday
« Summary of last Friday’s classAaron

* Viscous behavior and brittle behavior.
e Crevasses on glaciers.

e Water in glaciers.

 How, why, and when do glaciers slide?



Different Ways That Materials Can Deform

Or
Continuum Mechanics 101
In 101 Seconds

e Elastic Deformation
e Viscous flow
e Brittle failure



Distinction between Flow and Deformation Rate

* Deeper icaleformsfaster (shape changes)
e Deeper ice also carries the ice above it along wit
* [ce near the surfadeavelsfaster than deeper ice.

demo: (like a deck of cards on a slope.)



Brittle Behavior in Glaciers

Crevasses can form in the upper "skin" (about 30

meters) of flowing glacier ice where the ice igngy
to stretchrapidly.

» At greater depths, the ice
continually flows back in to
close up the cracks.

* Crevasses almost always form
at right angles to the direction
of the maximum stretching.

Demo: silly putty

Hambrey and Alean, 200&laciers.



HELPICOFFEE*

Hawley
Extremely

L ightweight
Portable!
Crevasse
Orientation
Freehand
Failure
Estimation
Equipment

[*Designed by former ESS 203 TA Bob Hawley]



Where Crevasses tend to Form



Hambrey and Alean, 200&laciers.

Crevasse on
Griesgletscher
Switzerland

 How might this
crevasse have formed?

 Since this is summer,

you can see it easlly.
 In winter it might be
nidden by a thin snow
oridge.




Crevasses on Arctic Piedmont Glaciers

Why did these splaying crevasses form?

http://www.swisseduc.ch/glaciers/



Crevasses on an Antarctic Outlet Glaciler

lce accelerated

Into a valley
through the Flow
Transantarctic direction

Mountains, then /

slowed down and
spread sideways.

e When did each
set of crevasses
form?

R.P. Sharp. 198&.iving Ice



The Curious Scientist
yet more Questions ...

We may not have time to fully consider
these questions. If not, check them out on
your own, and talk about your ideas with
your class mates.



1. Tracking Rocks

If you put a straight line of 5 stones across a gieer in its
accumulation area, they will get buried, and they W be
carried along by the ice. Eventually the ice encasy them
will melt in the ablation area.

One year after you lay them out, which of the storsewill be
closest to the terminus?

Which stone will reappear first at the surface in he
ablation area?

Which stone will go the deepest into the glacier bare it
eventually starts to re-emerge?

Which stone will reappear closest to the glacier teninus?
What will happen to the stones after they reappeaat the
surface?



2. Crevasses on a Cascades Glacler

Crevasses tend to open up at right angles to therdction
where ice is stretched the most, i.e. like a ropé silly putty,
the ice tends to break clean across the direction which

you are stretching it the most.

Suppose that you are climbing in the Cascades,

and you have been told to watch out for
crevasses oltlacier Xnear the equilibrium line.

« Using the figure showing how a
line of stones across a glacier is
deformed by flow, suggest which
way the crevasses might run near
the glacier edge, and why.



3. Crevasses on Sumquolt Glacier, B.C.

This picture is

taken from bump\

directly Icop (( )
overhead. Note 3,y

sets of crevasV /

shown in blue; ~—
~andred. \ \
\

 How did each set

of crevasses form? Terminus
* Why do transverse

crevassesblue)

turn “inside out™? Post and LaChapelle.197Glacier Ice



Glacier Sliding

Base must be wet for glacier to slide.
e temperature must be at the melting point.

demo: cold vs "temperate" ice cube on a slope

How does a wet slippery glacier "hang on" to the
mountain?



Sometimes it doesn'ice Avalanche!

(James Hill, New York Times)

September 20, 2002, North Ossetia, (Russian Casicasu

* Rock and ice broke off Kazbek Massif and avalanched
down Kolka Glacier.

« 2" 107 tonnes of ice, rock, and mud swept ~18 km
through Karmadon Gorge at up to 300 km per hour.

» ~140 fatalities, village of Nizhny Karmadon destrdye

e Similar avalanches occurred there in 1835 and 1902



Before and After — from Space

ASTER

(AdvancedSpaceborne
ThermalEmission and
ReflectionRadiometer)
IS a long-wave
radiation imaging
iInstrument flying on
the Terra satellite.

Avalanche debris

Haeberli et al. 20041. Glaciol

22 July 2001 29 September 2002 50(171), 533.



New Debris-dammed Lake

Haeberli et al. 2004. J. Glaciol. 50(171), 533.

Houses at Gornaia Saniba

lce/rock debris forming dam is melting out and apfling 1 year later



Sliding over a Hard Bed

Rock Is smooth and slippery.
Ice is held back by bumps in bedrock.
 Bumps act as “nails” up into the ice.
e Pressure is high on upstream faces of bumps tbat a
nolding back the ice.
 [ce can melt (pressure

depresses freezing point).
» Water flows around bump

and refreezes.
* [ce has effectively “slid”

past the bump.




Friction from Sliding Clasts

Rock clasts are held in the ice as it moves along.
e Rocks in basal ice dig into bedrock, act as brakes
e Grooves or striations show direction of ice motion

Bedrock in front
of Yale Glacier
Alaska

Tom Lowell's Glacier
Image Database,
University of Cincinnati



Soft Bed - Basal Drag

Subglacial sediment deforms as ice moves across it
* Rock-on-rock friction inside the sediment (tilgta as

brake, resisting ice motion.

i ¢ dd | Lines of wood dowels
iNes Of wood dowels originally vertical

Boulton and Hindmarsh (1987). Iceland



Soft Bed —

West
Antarctica

 Marine mud
lubricates bed
under Ice
Streams

* [ce Ridges are
frozen to
bedrock

T. Scambos, NSIDC



Soft Bed - Lateral Drag

Very slippery basal sediment under West Antarciec |
Streams can’t hold back the ice.
* [ce restrained almost entirely by drag from edges.

S\

N. Nereson, UW



Sliding Speed

Sliding speed of glaciers increases if
* |ce thickness increases
 |ce surface slope increases

 Water pressure at the bed increases

Demo: change in force needed to make a block slide
as water pressure increases



Sliding Speed and Basal Water Pressure

On a rocky bed:

e Higher pressure "floats" ice
e reduces friction with the bedrock

o If bed Is "rough", high pressure also reducesacint
area where sliding friction can occur

—) e / Water in cavities

Hard bed rock

On a "soft" bed:

e High water pressure softens basal mud
 Mud deforms and flows faster
 Carries glacier along with it.




