ESS 203 - Glaciers and Global Change

Friday January 25, 2008

UNIVERSITY OF WASHINGTON JOINS LARGEST
TEACH-IN IN US HISTORY

Focus the Nation
January 31 (next Thursday)

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

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



Ed’s proposal for a writing assignment

If you attend an event &bcus the Nationplease write a
one-page report about the event that you attend.

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

One thought would be for me to compile all yourtimg
Into several subject areas, then post the combined
document on the class web site.

e That would require that all submissions be senginal
In digital form (MS WORD). Or perhaps | can setaig

catalyst site where you can cut-and-paste your work
(comments?)

Project would be assigned next week,
probably due Wednesday Feb 06.



Schedule Correction - Midterms

| don’t know what calendar | was looking at when |
put dates for the mid-terms in the Syllabus.
* Mid-terms will bein class period
Monday February 04
Wednesday March 05
* | will post 6 study questions a week ahead.
o | will expect you to work through the questiongsian
talk about them with your peers during that week.
» 3 of those study questions will comprise the test.



Schedule Correction - Midterms

The questions will require prose answers.

* YOou may need to make some estimations, and
explain how you made them (but don’t worry, you
will see the guestions ahead.

Think about having a group study/discussion session
next week.

o After you have checked out the questions, you can
met with class mates to talk about how you would
answer them.

| can try to book a room for a time for times when
most people can come.

* We can choose times at Monday class.



Homework Assignment

Before your Lab next week, please read pages h-64 |
textFrozen Earth

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

[Sorry, | neglected to include this slide in the hadouts.]



ESS 203 - Glaciers and Global Change
Friday January 25, 2008

Outline for today
 VVolunteer for summary on Monday
« Summary of last Wednesday’s clasgeronica

e Discussion of Blue Glacier video.

» Kinematic and Dynamic perspectives on flow.
e VViscous behavior and brittle behavior.

e Crevasses on glaciers.

[Start Greenland Ice Cap]



Kinematic Perspective

Until now, we have looked at glacier flow from a
Kinematic perspective.

« How much volume of ice
must a glacier carry by
flow past any “gate” in a
year, (ice flux) in order to
evacuate a volume of ice
equivalent to all the
accumulated snow or ice
from upstream?

(All gates, not
just at ELA)

Input (snow)



Kinematic Perspective

We assumed steady state —

o |eft to its own devices for long enough, the gtadiad
already achieved the appropriate combinations of
thickness and speed to carry the necessary ice flux

e (If it had not, it would still be growing or shkmg.)

We did not need to know anything about gravity, o
forces, or slope, or anything about how ice deform

I




Kinematic Perspective

Until now, we have looked at glacier flow from a
Kinematic perspective.
 What did wenot need to know?

* We did not need to know anything about gravity, or
forces, or ice thickness, or slope of the surface.

 We did not need to know anything about how ice
deforms at the microscopic level (crystal propsitie

* We did not even need to know anything about thHk bu
mechanical properties of ice, such as Its viscosity
E.g. how soft or pliable is glacier ice, in comgan to
motor oil, or honey, or stainless steel?

That we could get this far, is a bit surprising |...!




Kinematic View of a Glacier

Ice flux = ice volume carried through a cross-setcti
each year. (Units are’ra?)

Accumulation area

« Additional ice is added all along glacier.

Equilibrium Line

 Last place where ice still being added.

* Flux Is as big as it’s going to get.

Ablation area

« Some ice lost to melting In every km.

Terminus

e [t's all gone.



Kinematic View of your Bank Account

You start a new bank account

and new job on Sept 16the Bergschrund)
Fall Quarter (Accumulation area)
e You add some $ every week in Fall Quarter
« Account Balance = $ carried forwai(ite flux)
End of Fall Quarter

and end of job (Equilibrium Line)

e Last time when you are still adding $.

e Your balance is as big as it’'s going to get.
Winter Quarter (Ablation area)

* You withdraw some $ every week.

End of Winter Quarter (Terminus)

e [t's all gone.



Kinematic View of your Bank Account

We don’t need to know how you earn your $, or
how your banker invests your $.

e the amount just appears in your account or
disappears from your account each week.

* You calculate how much gets carried forward
to next week.



Dynamic Perspective

Glaciers flow by Quasi-viscous deformation in
response to applied forces.

 How fast does a glacier flow when it has a

particular shape (thickness and slope) and is drive

oy certain forces?{For example, gravity.)

e [f you pile up a bunch of ice, it is going to mave

gravity can pull it down a slope.

* The flow speed is not necessarily determined by
the upstream accumulation or ablation pattern.

Later, we can combine the two perspectives tp
see whether a glacier is growing or shrinking.




What Drives Ice Flow?

The force driving flow of glaciers gravity.

ce flows from places where the surface is high, t
nlaces where the surface is low (like water inraash.)

e Speed of a glacier increases as the surface gktpe
steeper

» Speed of a glacier increases as the icethetser.



Dynamic Perspective and your Bank Account

Money managers view investments from a dynamic
perspective too.

* They talk about “market forces” and “pressure on
the dollar”.

* Market forces control the rate at which money
flows Into an investment account.
(e.g. through interest rates).



How Does Ice Flow Vary?

Speed of a glacier increases as the distance fremt

nottom or from the valley wall increases
e Drag or friction from the rock walls and bottom

Vertical

Section Deformation
/ of a line
across a

glacier

Deformation
— Of a hole
drilled in a
glacier



Longitudinal flow pattern in Accumulation area

Kinematic view

* Flow tends to be faster closer to the Equilibriuime,
because the amount of ice must be transportede(to b
equivalent to upstream snowfall) is greatest there.

Dynamic view

* The glacier is thicker >
at Equilibrium Line.

* Thicker ice flows
faster.



Longitudinal flow pattern in ablation area

Kinematic view

* Below the Equilibrium Line, the flow tends to sla@wn
because the ablation upstream has reduced the aofoun
Ice that Is left to flow past each point each year.

* The glacier terminates and nearly stops flowingmwh
there is no more ice left to melt.

Dynamic view

» Glacler gets thinner
toward terminus

* Thinner ice flows ~N
more slowly. N



Transverse flow pattern in Accumulation area

Kinematic view

e Avalanches off valley walls pile up snow aroundjesl

* |[ce flows toward the center of the channel toycamway
high accumulation around the edges.

Dynamic view

e Surface Is highest \
near edges.
* Ice flows down hill, —>

toward valley center,
where surface Is
lower.



Transverse flow pattern in ablation area

Kinematic view

e Below the Equilibrium Line, melting can be enhashce
near dark valley walls.

* [ce must flow toward the edges to replenish the
melting ice.

Dynamic view

e Melting near margins
creates slope toward
margins. N

e |ce flows downhill, \\ nd
toward margins. \



Different Ways That Materials Can Deform

Or
Continuum Mechanics 101
In 101 Seconds

e Elastic Deformation
e Viscous flow
e Brittle failure



Elastic Deformation

What happens when you apply a constant force to a
material like a rubber band?

e [t can defornelasticallywhen you pull on it

demo: stretched rubber band

o [t deforms quickly to a stretched state, then stop
deforming until you change the force.

e [t returns to its original shape when you stodipgl

(or pushing).

demo: bouncing ball



Viscous Flow

A viscous fluidcan flow continually as long as you
are applying a force to It.

Demo 1. Check out silly putty "ice cap"
 what is the force?

Demo 2: Pull on putty with lead weight



Brittle Fracture

A Drittle solid can fracture if you apply a large enough
force fast enough.

[demo: silly putty]

Sometimes a material can be all of the above.
 Silly putty?

o Earth’s lithosphere? (upper 30 miles or so)

e |ce?



Do we see Elastic Deformation in Glaciers?

Will an ice cube bounce if you drop it?
o Let'stryit...

If you squeeze ice, it can be compressed elasticall
(and when you release it, it bounces back).

e But ... the amount it compresses is very small and
hard to demonstrate.*

* Elastic behavior is unimportant for glacier flo|\/v.




Glacier-Flow Video last Wednesday

This 13-minute video showed historic time-lapse
footage shot at

* Blue Glacier, Mt Olympus
* Nisqually Glacier, Mt Rainier

Do these glaciers really flow?

You watched foevidenceof viscous flow and brittle
failure.



Ice fractures In glaciers

Let’s try hitting ice cube with a hammer.
 What happens?

What evidence did you see for brittle fracture in
the video?

Crevasses

 Where were they?

Jack hammer and chain saw

* Did the ice break?

Ice sliding off basal ledges

e Did it ever break?




Ice flows In glaciers

* What evidence did you see for viscous flow In
the video?

Closing the tunnel

 How long did it take?

e Or do we need to run for it?

e Tunnel closed in about 20 seconds on film.
* Film was speeded up 5,670 times

e Actual closure took 5,670 20s=113,400 s
« How many days Is this?

Thour .  lday 113400

1134008 ——— —
® 36008 241eurs 3600 24

days» 1.3days




