ESS 203 - Glaciers and Global Change
Friday February 27, 2008.
Outline for today

 VVolunteer for summary on Monday
 Summary of last Wednesday’s clasBrttany

e |ce cores and past climate

A record of atmospheric gases in the past?
 (Ocean sediments and ice volume on land
e Orbital cycles and climate



Quiz #2 — Wednesday March 05

Same deal as Quiz #1.

* | have posted 6 study questions on the class web s

* The Quiz will ask you for prose answers to 3 afsh
guestions.

Group study sessions?

| have booked rooms at these times
Monday March 03 10:30 - 11:20 (after class)
Monday March 03, 1:30 - 3:00 ATG 154
Tuesday March 04, 3:30 - 5:00 (after Ldb)N 117
Other times?



Assignment for next Friday

Read paper on class web site
Meier, M.F. 1984. Contribution of small glacieos t
global sea levelscience226(4681), 1418-1421.

In a short paragraph, please answarstandard 3
guestions
1. What is the question being asked in this paper
2. What is the primary conclusion of the paper?
3. Are there points in the paper that you findéo b
unclear?
Due next Friday, March 07




10Be — a proxy for accumulation rate

So what about it?
» Canl®Be be a proxy for snowfall in the polar regions?

10
Be

% Stratosphere

~ Y _;/ Troposphere

 Why or why not?




Accumulation Rate at Taylor Dome, Antarctica
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Earth wadDrier In the Ice Age?!

What's going on?
« Shouldn’'t Earth have been wetter or snowier to
have an ice age”?

For skiers and boarders -when do you encounter
the heaviest snowfall?

 When its really cold.

 When temperature is just below freezing.

When can atmosphere carry more water vapor?

How can glaciers grow with less snowfall?



Earth’s Atmosphere In the Past

How could we learn about changes in composition of
Earth’s atmosphere Iin the past?

Collect air in bottles, save for future scientists.
e Doesn’t help us to look back very far. Our ancest
were not planning far enough ahead.

Find bubbles of air trapped in naturally sealediamers.
e Containers must not react chemically with the air.

e Containers must be really well sealed.

e Guess where we can look...



Making a Gas Bottle

Air can move easily
through shallow snow
" and fim.

Air passages become
/ tortuous as firn
compacts.

/ Eventually all passageways
are closed — air is trapped

INn bubbles.



What can we Measure in the Air Bubbles?

Carbon dioxide CQ

(rock weathering, plant growth, ocean
uptake)

e Does it lead or follow temperature
changes?

Methane CH
(vegetation decay, swamps, termites)
*\Why would it change in an Ice Age?

dt8O of oxygen gas O
(a proxy for plant respiration)



Character of Climate Records

We are not surprised If climate changes (e.qg.
temperature, precipitation, windiness, etc) are a
bit different at different places on Earth.

e.g. remember Lake Bonneville in Utah in the Ice
Age

Composition of the atmosphere can also change
with time.

e.g. CQ and CH (methane) are rising today.

* Would you expect the composition of atmosphere
to differ from place to place at any one time?

 Why or why not?



Synchronization of Climate Records

So If you measure gases In one ice core, you khew t
whole story of Earth’s atmosphere.

Yet scientists keep measuring gas from bubbles from
more ice cores ...

 Why?

* Does this suggest another use of gas measurements
Ice cores?



Gas-based North-South Correlation

Blunier and Brook 200&cience



Pattern of Temperature Changes is not Simple

What's the relationship?
e Both North and South see the big events.

e They don’t always warm or cool together.

e Climate changes were faster and larger in Grednlan



Ice age - gas age Difference

* The air being trapped today Is part of
today’s atmosphere
* The ice that traps today’s air is older

This offset In age Is called the
Ice age/gas age difference



What's the Catch?

We may know age of ice, and we want to date the gas
We may know age of gas, and we want to date the ice
So we have to be able to figure out this difference

e Can be hundreds to thousands of years.
e Can be different in Ice Age and
Interglacial times.

An area of active work today is figuring
out how to calculate the ice age/gas age
difference with as small an uncertainty
as possible in order to understand the
timing between N and S.






What have we learned?

Ice cores tell us about temperature, precipitatma,
atmosphere composition over the past 500,000 years
more

e Some climate changes can be very fast.

* North and South see the same big picture of wagrand
cooling.

» Patterns differ on centennial and millennial tifreames.

» Greenhouse gases change along with temperatureloBu
they drive climate, or do they respond to climate?



Questions about Ice Ages

« How do we know there wasore than on@ast
“Ice agé?
 How do we knowhow manyformer ice ages there
were?
 How do we knowwhenthese ice ages took place?
 Whatcausedhese ice ages”?



d80 as a Temperature Proxy



Curious Scientists wonder about Climate
Record In ocean sediments

 Why was it difficult to figure out how many ice age
there were based on terrestridhid’) record?

e Considering the answer to the above question, why
would the sea floor be a good place to look for a
better record?

 What does thisrecord consist of and how would
one get It?

 Why would it help to know some biology when
studying the sea floor record?



Foraminifera: “bugs” living in the

oceans

Marine microfossils, foraminiferaforams), make their
shells from limestone (CaGpusing HO, dissolved Ca,
and dissolved CO -

~400 x 10°®m
(<0.5 mm)

http://www.ucl.ac.uk/GeolSci/micropal/foram.html



Sea-floor sediments

* O in ocean water D is made up ofO and*O.

e Foram shells contain a record8®/°0 ratio of
seawater in which they live.

 When they die, forams settle to the ocean floor and
this record Is preserved.

e Over time, layers of sediment pile up on top of one
another.

* These layers then contain record®/1%0 ratio in
seawater over time (much as layers in an ice core
retain a memory offO/1%0 in the clouds).



Forams and
sea-floor
records



More about forams

If we measured th&#0/1%0 ratio on some forams, how
would we know whether we are measuring changes in
the Isotopic content of the water or changes irance
temperature?

 In the deep ocean, the temperature is always &y n
~0°C, so changes in tHéO/1%0 ratio in deep-water
forams should mostly reflect changes in #@/60
ratio of seawater.

 Knowing this, we could correct the record from
shallow-water forams, which might also contain some
Information about changes in sea-surface tempe&ratur



Forams and paleotemperature

Biologists knew that uptake 8O and'®0O in forams
depended on water temperature.

* More 180 was taken up if the water was colder.

e Could thet80/1%0 ratio in forams be used to measure
changes in ocean water temperature over time?

e But wait ... carit the ratio ofl80/1%0 in seawater change
over time also?



Isotopic changes
IN the ocean

d~ 09/

d > 09/

00



More about forams

Planktonic foramslive In near-surface waters
Benthic foramslive in “deep” water (<4000 m).

 Variations in thé®0/1%0 ratio over time are similar in
both planktonic and benthic forams.

 All forams recordd!®O composition sea-water.

 Planktonic foramslsorecord changing temperature In
ocean surface waters, but overlay is weak.

e Thel80O/1%0 signal in deep-sea sediment cores changes as
water Is alternately stored by, and released ftarge
Ice sheets.

The180/1%0 signal in deep-sea sediment coreq is
a relative measure of ice-sheet volume.
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dt8O record
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http://www-odp.tamu.edu/publications/177_SR/chap_09/c9_f4.htm#982709



Oxygen Isotope record in deep-sea sediment

40 = Rsample_ Rstandardr 1000, RO

standard

180
g

d8O more positive => relatively more ice on land

d8O more negative => relatively less ice on land

... changes are “relative” to standard used, which is
based on modern-day sea water ... so relative to
present-day ice volume.



