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Why study past climate change?

ÅEstablishes a baseline from which we can 
discuss modern climate change objectively

ÅHelps identify the causes of climate change

ÅDetermines the sensitivity of an area to climate 
change

ÅAllows us to identify analogs for modern 
climate change



Long term climate change

ÅThe traditional view is that our climate has 

slowly lurched from Ice Age to an óinterglacialô 

world and back again over 10-100,000 years. 

ÅResearch in the last 20 years now shows that 

climate can be highly volatile, changing in a 

matter of decades or centuries. 



The Younger Dryas event

ÅA rapid reversal in temperature at the end of 

the most significant global warming in recent 

geological history 11,600 years ago and lasted 

for 1300 years

ÅThis event had a dramatic effect on the climate 

of Europe, plunging it back to Ice Age 

conditions.
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Younger Dryas in the Southern 

Hemisphere?
ÅThought by many to be global in nature, like 

the cooling associated with the last Ice Age

ÅIf it is global, then rapid climate change can be 

transmitted virtually instantaneously around 

the world



Younger Dryas event in 

Australia?
ÅCircumstantial evidence. No glacier evidence 

for the YD in Australia. 

ÅThe best evidence is the óWaiho Loopô, a 

moraine left by the glacier on the plains of the 

west coast of New Zealand.

ÅRadiocarbon dates from wood underneath till 

nearby limited the age to <~13,000 years 





Testing evidence for the YD

1. Exposure date the Waiho Loop moraine

using ócosmogenicô nuclides. We can directly 

date the moraine to independently determine 

its age.

2. Examine a high-resolution sea-surface 

temperature record offshore. Look for a major 

cooling event.



Cosmogenic nuclides

ÅExtremely high-energy Galactic ócosmic raysô 
bombard the Earth

ÅCosmic rays initiate a variety of nuclear 
reactions and create exotic elements
Åe.g., 10Be, 26Al, 36Cl

ÅProduction rates are extremely low 
Å~1-100 atoms per gram of rock per year, therefore 

we need accelerator mass spectrometry



Basis of exposure dating

ÅRelies on the principle that the accumulation of 

cosmogenic nuclides in a rock surface is a 

function of time

ÅNeed a rock surface freshly                              

created at time ózeroô

ÅGlaciers erode old rock                                      

and expose fresh rock at 

the surface



Exposure dating summary

ÅMean boulder age of 10,220 Ñ380 yr. Good 

agreement between Cl-36 and Be-10.

ÅSignificantly younger than the end of the YD 

event (11,600 yr)

ÅFormed by a landslide?



Deep sea core

ÅWe collected core SO136-GC11 180 km 

offshore the Waiho Loop in the meteorological 

source region for the glacier. 

ÅContains outwash.

ÅDating using radiocarbon



Proxy measure for temperature

ÅIt is easier to quantify temperature in deep sea 

cores than in terrestrial records of climate 

change

ÅAlkenones (temperature sensitive compounds 

produced by marine algae)

ÅExtracted from the sediment

ÅAccurate to within about 1 ºC

~5 microns across
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Younger Dryas in the SW 

Pacific?
ÅExposure dating of the Waiho Loop indicates it 

post-dates the YD

ÅA high quality SST record from nearby also 

unequivocally shows no cooling during the YD

ÅWarmer about 11,000 years ago. Why?

ÅThe abrupt climate change of the North 

Atlantic is not global

ÅWhat does this mean for our climate?



How sensitive is our climate?

ÅThe greatest global warming experienced in 

our recent history was at the end of the last Ice 

Age (15,000-11,000 years ago)

ÅCO2 increased in the atmosphere by 50% to         

280 ppm

ÅParts of the planet warmed by as much as 20 

ºC

ÅHow did Australia respond?



Ice Age Climate

ÅTo study the amount of global warming we 

conducted a regional survey of the Australian 

region

ÅUsed 165 deep sea cores from the Pacific and 

Indian Oceans

ÅDetermined the Ice Age level in each core by 

dating (20,000 years ago)



Proxy for sea surface 

temperature
ÅReconstructed temperature from planktonic 

foraminifera

Å45 different kinds of foraminifera, found in 

narrow temperature ranges

ÅAssemblages accurately 

reflect temperature (Ñ1ºC)








