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Past is Key to the FuturePast is Key to the Future
•• Earth's climate has changed throughout its Earth's climate has changed throughout its 

historyhistory
•• Past million years, "Ice Ages"Past million years, "Ice Ages"

–– 10 glacial cycles, ~100,000 years apart10 glacial cycles, ~100,000 years apart
•• Previous interglacial, 125,000 years agoPrevious interglacial, 125,000 years ago

–– Sea level 6Sea level 6--8 meters 8 meters higherhigher
•• Last glacial maximum, ~20,000 years agoLast glacial maximum, ~20,000 years ago

–– Seal level 120 meters Seal level 120 meters lowerlower
•• Glacial "meltGlacial "melt--down" ~10,000 years agodown" ~10,000 years ago

–– MidMid--Holocene HighHolocene High--Stand 4,000Stand 4,000--5,000 years ago5,000 years ago



Earth's Climate History: The Big PictureEarth's Climate History: The Big Picture

Cenozoic climate change (Fig. A)Cenozoic climate change (Fig. A)
•• Before 65 Ma earth was iceBefore 65 Ma earth was ice--freefree

–– Tropical vegetation at high latitudesTropical vegetation at high latitudes

•• ~ 55 Ma general cooling began~ 55 Ma general cooling began
–– 50 Ma Australia separates from Antarctica50 Ma Australia separates from Antarctica
–– Atmospheric COAtmospheric CO22 declinedecline

•• 38 Ma ice sheets on Antarctica38 Ma ice sheets on Antarctica
–– 25 Ma Antarctic circumpolar current25 Ma Antarctic circumpolar current

•• 2.4 Ma Arctic glacial cycles begin2.4 Ma Arctic glacial cycles begin
–– Small sheets, 41,000Small sheets, 41,000--yr periodicityyr periodicity

•• 0.9 Ma 0.9 Ma ““MidMid--Pleistocene transitionPleistocene transition””
–– Large sheets, 100,000Large sheets, 100,000--yr periodicity (Fig. B)yr periodicity (Fig. B)

–– Continents dispersingContinents dispersing
•• PolePole--toto--pole circulation impededpole circulation impeded
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Late Pleistocene (last full cycle, Fig. C)Late Pleistocene (last full cycle, Fig. C)
•• 130 ka: Last interglacial (130 ka: Last interglacial (δδ1818O O stage 5)stage 5)

–– Warmer then nowWarmer then now
–– Ocean ~ 6 m higherOcean ~ 6 m higher
–– 3 fluctuations (5e3 fluctuations (5e--5a)5a)

•• 8080--60 ka: northern ice sheets (stage 4)60 ka: northern ice sheets (stage 4)

•• 6060--25 ka: slight warming (stage 3)25 ka: slight warming (stage 3)
•• 18 ka: Last Glacial Maximum (stage 2)18 ka: Last Glacial Maximum (stage 2)
•• 10 ka: Holocene, Fig. D (stage 1)10 ka: Holocene, Fig. D (stage 1)

•• Sudden, rapid retreat of iceSudden, rapid retreat of ice
•• Ice gone from NA, Europe by 6 kaIce gone from NA, Europe by 6 ka
•• MillennialMillennial--scale oscillations seenscale oscillations seen
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Stable oxygen isotope recordStable oxygen isotope record
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More rapid turnover of lighter isotope in evaporation from oceanMore rapid turnover of lighter isotope in evaporation from ocean surface.surface.



Central Europe mean annual tempCentral Europe mean annual temp

The The δδ1818OO climate recordclimate record
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Pleistocene HistoryPleistocene History
•• δδ1818OO ratios in ratios in 

foraminifera, ice foraminifera, ice 
cores, etc. record ice cores, etc. record ice 
volume history.volume history.

•• Note values marked Note values marked 
by dashed lines:by dashed lines:
–– X: 0.9 MaX: 0.9 Ma
–– Y: 2.5 MaY: 2.5 Ma
–– Z: ModernZ: Modern



The Cave RecordThe Cave Record
•• From stalagmites we can getFrom stalagmites we can get

–– Dates from Uranium/Thorium ratiosDates from Uranium/Thorium ratios
–– Climate from stable oxygen ratiosClimate from stable oxygen ratios

•• Sea levelSea level
•• Sea surface temperatureSea surface temperature
•• El Nino and other cyclesEl Nino and other cycles



JinapsanJinapsan Cave, NW GuamCave, NW Guam



Current Work Current Work 
& Plans& Plans

•• Stalagmites at University of TexasStalagmites at University of Texas
–– U/U/ThTh dating and dating and δδ1818OO work by Dr. Jay Bannerwork by Dr. Jay Banner

•• If current work yields promising resultsIf current work yields promising results……..
–– Will seek funding for multiWill seek funding for multi--year studyyear study

•• Guam, Saipan, Tinian, Rota, and FaisGuam, Saipan, Tinian, Rota, and Fais
–– Would reveal climate history of the northern Would reveal climate history of the northern 

fringe of the WPWPfringe of the WPWP
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