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The Roller Coaster Part I
The Geological Record of Climate and Climate Change
• Define

– Climate
– Weather
– Geological time

• Examine
– Known climate changes
– Sources of geological information
– Drivers of climate change
– Specific climatic events

Presenter
Presentation Notes
THIS PAGE SETS THE SCENE
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Climate
What do we mean by climate?
• Weather averaged over time

– 30 years usual but...
• Time is an important factor

– Generational
» Granddad's day

– Historical
» The dark ages

– Geological
» The dinosaurs

Image: NOAA Courtesy of Windows to the Universe
http://www.windows.ucar.edu/tour/link=/earth/climate/cli_define.html&edu=high

Presenter
Presentation Notes
THIS SLIDE DEFINES 'CLIMATE'



Climate is often defined as the weather averaged over a long period of time. 



The usual averaging period is 30 years. 



Climate also refers to daily to yearly variations and seasonal fluctuations. 



Climate Zone names such as tropical, temperate or polar are used as adjectives to describe climates and zonal climates through time but are essentially proxies for temperature and rainfall.



IMAGE and extra information can be found here:

http://www.windows.ucar.edu/tour/link=/earth/climate/cli_define.html&edu=high





http://www.windows.ucar.edu/tour/link=/earth/climate/cli_define.html&edu=high
http://www.windows.ucar.edu/tour/link=/earth/climate/cli_define.html&edu=high
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Image: NOAA Courtesy of Windows to the Universe
http://www.windows.ucar.edu/tour/link=/earth/climate/cli_define.html&edu=high

Presenter
Presentation Notes
THIS SLIDE IS USED TO REMIND US OF LATITUDINAL VARIATIONS



As the Sun warms the equator more than the poles, climate varies with latitude. This image shows how sea surface temperatures change at different latitudes. Red colors indicate warmer ocean water, blues and purples indicate cooler ocean water.



IMAGES SOURCE NOAA via Image Courtesy of Windows to the Universe – It can be viewed with additional materials at:

http://www.windows.ucar.edu/tour/link=/earth/climate/cli_define.html&edu=high







http://www.windows.ucar.edu/tour/link=/earth/climate/cli_define.html&edu=high
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Weather
What is weather?
• Natural processes and events 

– In the atmosphere
– Over a short period of time

• Hours
• Days
• Week

Presenter
Presentation Notes
THIS SLIDE DEFINES 'WEATHER'



Weather is taken to mean all the processes and events in the atmosphere at a given time. 



With respect to climate 'weather' is the relatively instantaneous culmination of current processes and events [time intervals from weeks to hours]



IMAGES ARE FREE CLIPART
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Most weather
75% of 
atmospheric gas

99% of atmosphere 
in bottom 32km

Ozone layer

Image Courtesy of 
Windows to the Universe

http://www.windows.ucar.edu/tour/link=/earth/images/ 
profile_jpg_image.html

Presenter
Presentation Notes
THIS SLIDE OUTLINES THE  STRUCTURE OF THE ATMOSPHERE



Almost all familiar weather phenomena occur in the troposphere. Weather does occur in the stratosphere and can affect weather lower down in the troposphere, but the exact mechanisms are poorly understood.



99% of the total mass of the atmosphere is below 32 kilometers.



Troposphere - 0 to 12 km - Contains 75% of the gases in the atmosphere.



Stratosphere - 12 to 50 km - in the lower part of the stratosphere.  This layer contains the ozone layer. Ozone acts as a shield for in the earth's surface. It absorbs ultraviolet radiation from the sun. This causes a temperature increase in the upper part of the layer. 



Ionosphere - This is the lower part of the thermosphere. It extends from about 80 to 550 km.



Image Courtesy of Windows to the Universe

http://www.windows.ucar.edu/tour/link=/earth/images/profile_jpg_image.html



http://www.windows.ucar.edu/tour/link=/earth/images/profile_jpg_image.html
http://www.windows.ucar.edu/tour/link=/earth/images/profile_jpg_image.html
http://www.windows.ucar.edu/tour/link=/earth/images/profile_jpg_image.html


Teacher Earth Science Education Programme

Deep time
What is geological time?
• The age of planet Earth 

– Close to 4.6 billion years
• Absolute dates based on

– Based on radioactive decay
– Tight correlation with radiometric dates

• Relative dates based on
– Sequences in the rock record

» Layering, Fossils, Cross-cutting
» Correlations 

Image Courtesy of USGS 
http://pubs.usgs.gov/gip/geotime/time.html

Presenter
Presentation Notes
THIS SLIDE DEFINES DEEP TIME



It should be emphasised that time has not varied BUT the rate of evolutionary change has.



Only the last 700Ma are usually highlighted due to the biocentric view point created by hardpart fossilisation.



Good extra information at:

http://www.pbs.org/wgbh/evolution/change/deeptime/low_bandwidth.html



IMAGE SOURCE: USGS http://pubs.usgs.gov/gip/geotime/time.html





http://pubs.usgs.gov/gip/geotime/time.html
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Image Courtesy of USGS 
http://pubs.usgs.gov/gip/geotime/time.html

Presenter
Presentation Notes
THIS SLIDE IS A NICE CLOSE UP 



IMAGE SOURCE: USGS http://pubs.usgs.gov/gip/geotime/time.html

http://pubs.usgs.gov/gip/geotime/time.html


Teacher Earth Science Education Programme

Deep time
Crunch the numbers!
• 87% Precambrian
• 13% for all of the Phanerozoic

– of this
• ~46% Palaeozoic - pre Dinosaurs
• ~41% Mesozoic - age of Dinosaurs
• ~13% Cenozoic – age of Mammals

– of this
» ~ last 6% hominid time
» ~0.15% modern human time

• ~0.002% of all time occupied by modern humans

Presenter
Presentation Notes
THIS SLIDE HIGHLIGHTS HOW MUCH OF HISTORY IS WITHOUT A COMPLEX FOSSIL RECORD
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Image Courtesy University of Calgary 
http://pubs.usgs.gov/gip/geotime/time.html

Presenter
Presentation Notes
THIS IMAGE ALLOWS US TO SHOW HOW THE TIME SCALE IS DIVIDED UP AND ALSO ALLOWS US TO HIGHLIGHT THE ABSOLUTE  DATES



This is a good point to also mention that this is a living document that changes – names and dates – as new information and better techniques amend our understanding and  redefine time periods



Image and additional information  from: 

University of Calgary – geoscience department

http://www.geo.ucalgary.ca/~macrae/timescale/timescale.html

ALSO

The GA site

http://www.ga.gov.au/education/geoscience-basics/aus-through-time.jsp

has an excellent poster in pdf form that can be downloaded for free. It is the latest AUSTRALIAN timescale and has a host of other associated climate and geological information.

This poster has been provided in print form for TESEP to distribute to workshop attendees and the A1 pdf is also on the CD of resource materials.





http://pubs.usgs.gov/gip/geotime/time.html
http://pubs.usgs.gov/gip/geotime/time.html
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Climate through time
Rocks tell us global climate has changed over time
• Sometimes colder

– Ice ages
– Snowball Earth

• Sometimes warmer
– Polar dinosaurs
– Ice free Earth

• Never constant over geological time
– Stable long enough to allow evolution
– Unstable enough to drive evolution

Presenter
Presentation Notes
THIS SLIDE ALLOWS THE PRESENTER TO  INTRODUCE TO THE  TALK THE EVIDENCE AVAILABLE TO GEOLOGISTS TO DETERMINE CLIMATIC INFORMATION FROM DEEP TIME
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Climate proxies
Ancient sources of temperature & climate information?
• Rocks themselves

– Red beds
– Tillites
– Some minerals

• Fossils
– Key families, genera, species

• Distributions

• Isotope ratios
– Oxygen16-18

• Minerals, fossil hard parts & ice
Image Courtesy Mila Zinova 

http://commons.wikimedia.org/wiki/Image:Concretion_and_crystals.jpg

Presenter
Presentation Notes
THIS SLIDE INTRODUCES SOME OF THE KEY EVIDENCE USED BY GEOLOGISTS TO INVESTIGATE CLIMATES THROUGH DEEP TIME

EXAMPLES FROM ROCKS:

Red beds: Wide spread sedimentary rocks that have a distinctive red colour. The red colour, mainly as the iron oxide mineral haematite, can be derived from a variety of sources but can be formed (as sediments are deposited) by the dehydration of the common hydrous  iron oxides such as goethite and limonite. This process can only occur in soils where dry, well drained conditions prevail most of the time. Can be used to interpret an arid or very seasonal climate. CARE must be taken to ensure the redness has this origin and is not from secondary processes in buried rocks.

Tillites: deposits formed from deposition from melting glacial tongues and icebergs. Clearly indicates a cold climate with lots of ice around.

Minerals: Abundant feldpar in sedimentary rocks can, in conjunction with other evidence,  be used to imply an arid environment. Ikaite and Geldonite are unusual carbonate minerals that can only form at  temperatures near the freezing point of water and thus their presence in sediments is indicative of prevailing cold climate conditions. See http://www.rocksforkids.com/R&M/glendonite.htm

EXAMPLES FROM FOSSILS:

Many animals and plants are restricted to certain climate zones and therefore their fossils are indicative of the prevailing climate. 

An example from Australia: Dinosaur, mammal and plant fossils from Souther Victoria found in rocks that were 80 degrees South indicate the polar regions at 100Ma were much warmer than today.

Another Australian example: Mammal fossils from central Australia together with other fossils indicate time about 20Ma when it was wet and humid, not dry and arid.

EXAMPLES FROM ISOTOPES:

Oxygen isotope fraction: O18-O16 ratios vary through time. Seawater molecules that contain the lighter isotope, oxygen-16, evaporate at a slightly faster rate than water molecules containing the 12% heavier oxygen-18; this disparity increases at lower temperatures.[85] During periods of lower global temperatures, snow and rain from that evaporated water tends to be higher in oxygen-16, and the seawater left behind tends to be higher in oxygen-18. Marine organisms then incorporate more oxygen-18 into their skeletons and shells than they would in a warmer climate. We can also directly measure this ratio in the water molecules of ice core samples that are up to several hundreds of thousands of years old.

http://en.wikipedia.org/wiki/Oxygen_isotope_ratio_cycle

http://commons.wikimedia.org/wiki/Image:Concretion_and_crystals.jpg
http://commons.wikimedia.org/wiki/Image:Concretion_and_crystals.jpg
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Climate in deep time
Global climate variations
• Record beyond 500My

– patchy
– open to more interpretation

Presenter
Presentation Notes
THIS SLIDE ALLOWS THE AUDIENCE TO SEE HOW CLIMATE HAS CHANGED THROUGH DEEP BUT ALSO ALLOWS US TO DISCUSS WHY THE EVIDENCE IS HARDER TO FIND AND INTERPRET THE FURTHER BACK IN TIME ONE GOES.



Good time to talk about data resolution.



IMAGE SOURCE: - GM
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500My of climate change
Global climate variations
• Glaciations

– at least 4
– ?extinctions

• Warm–Hot
– at least 4
– ?Ice free Earth

Image Courtesy of Global Warming Art 
http://www.globalwarmingart.com/wiki/Image:Phanerozoic 

_Climate_Change_Rev_png

Presenter
Presentation Notes
THIS SLIDE FOCUSES ON THE LAST 500MY WHERE DATA RESOLUTION IS BETTER



Also good time to mention this graph generated mostly from Oxygen Isotope ratio data



Image from: http://www.globalwarmingart.com/wiki/Image:Phanerozoic_Climate_Change_Rev_png







http://www.globalwarmingart.com/wiki/Image:Phanerozoic_Climate_Change_Rev_png
http://www.globalwarmingart.com/wiki/Image:Phanerozoic_Climate_Change_Rev_png
http://www.globalwarmingart.com/wiki/Image:Phanerozoic_Climate_Change_Rev_png
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65My of climate change
Global climate variations since the dinosaurs
• Glaciations

– lots of cycles
– ?extinctions

• Warm–Hot
– Eocene
– ?Ice free Earth

Image Courtesy of Global Warming 
Art 

http://www.globalwarmingart.com/wiki/Image:65_Myr_Cli 
mate_Change_Rev_png

Presenter
Presentation Notes
THIS SLIDE FOCUSES ON THE LAST 65MY WHERE DATA RESOLUTION IS EVEN BETTER



Also good time to mention this graph generated  from Oxygen Isotope ratio data with later input from Ice Cores

NOTE: PETM = Paleocene-Eocene Thermal Maximum

It is associated with changes in oceanic and atmospheric circulation, the extinction of numerous deep-sea benthic foraminifera, and a major turnover in mammalian life on land which is coincident with the emergence of many of today's major mammalian orders. See: http://en.wikipedia.org/wiki/Paleocene-Eocene_Thermal_Maximum]



Image from:

http://www.globalwarmingart.com/wiki/Image:65_Myr_Climate_Change_Rev_png





http://www.globalwarmingart.com/wiki/Image:65_Myr_Climate_Change_Rev_png
http://www.globalwarmingart.com/wiki/Image:65_Myr_Climate_Change_Rev_png
http://www.globalwarmingart.com/wiki/Image:65_Myr_Climate_Change_Rev_png


Teacher Earth Science Education Programme

Humans in climate change

Genus 
Homo

Earliest 
australopithecines

Homo 
sapiens

Image Courtesy of Global Warming Art 
http://www.globalwarmingart.com/wiki/Image:Five_Myr_Climate_Change_Rev_png

Presenter
Presentation Notes
THIS SLIDE PUTS CLIMATE IN THE CONTEXT OF HUMAN EVOLUTION



I have added approximate pointers to show when hominds began to emerge and when modern humans appeared. It shows nicely how humans have lived with and through climate changes.



Here the data is solidly provided by ice cores and oxygen isotope records.



NOTE: VOSTOK refers to ice core data fro the russian base in the Antarct. In the 1970s The Soviet Union drilled a set of cores 500–952 m deep. These have been used to study the oxygen isotope composition of the ice, which showed that ice of the last glacial period was present below about 400 m depth, Then three more holes were drilled: in 1984, Hole 3G reached a final depth of 2202 m; in 1990, Hole 4G reached a final depth of 2546 m; and in 1993 Hole 5G reached a depth of 2755 m; after a brief closure drilling continued during the winter of 1995. In 1996 it was stopped at depth 3623 m, by the request of the Scientific Committee on Antarctic Research that expressed worries about possible contamination of Lake Vostok. This ice core, drilled collaboratively with the French, produced a record of past environmental conditions stretching back 420,000 years and covering four previous glacial periods. See: http://en.wikipedia.org/wiki/Vostok_Station#Ice_core_drilling



IMAGE: http://www.globalwarmingart.com/wiki/Image:Five_Myr_Climate_Change_Rev_png



http://www.globalwarmingart.com/wiki/Image:Five_Myr_Climate_Change_Rev_png
http://www.globalwarmingart.com/wiki/Image:Five_Myr_Climate_Change_Rev_png
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Recent climate changes
Big oscillations
• Glacial – interglacial cycles

– Ice ages
– ?extinctions
– evolution

• Sources
– O18-16 ratios
– Ice core gas inclusions
– Sediment core fossils

Image Courtesy of Global Warming Art 
http://www.globalwarmingart.com/wiki/Image:Ice_Age_Temperature 

_Rev_png

Presenter
Presentation Notes
THIS SLIDE SHOW THE 'MODERN' CYCLES IN MORE DETAIL.



It is worth noting that all peaks and troughs are the result of totally natural processes and the last interglacial was warmer than today. Also note that the last glacial was cold enough to

1) lock up enough ice to lower sea level to a point  where people could walk to Tasmania and New Guinea

2) Expose most of the continental shelf as dry land

3 generate small glacial activity on Tasmania and Australian Alps



These temperature graphs derived from oxygen AND hydrogen isotope variations. Heavy hydrogen (deuterium) influences water fractionation in the same way that O18 does so the data sets are effectively the same.



NOTE: Vostok – ice cores from Russian Antarctic base

The EPICA core in Antarctica was drilled at [show location on an interactive map] 75°S 123°E﻿ / ﻿-75, 123﻿ (EPICA core) (560 km from Vostok) at an altitude of 3,233 m, near Dome C. The ice thickness is 3,309 +/-22 m and the core was drilled to 3,190 m. Present-day annual average air temperature is -54.5 °C and snow accumulation 25 mm/y. Information about the core was first published in Nature on June 10, 2004. The core went back 720,000 years and revealed 8 previous glacial cycles.

Raw data from: http://www.ncdc.noaa.gov/paleo/icecore/antarctica/domec/domec_epica_data.html

and for all cores:

http://www.ncdc.noaa.gov/paleo/icecore/current.html



See: http://en.wikipedia.org/wiki/Ice_core



IMAGE: http://www.globalwarmingart.com/wiki/Image:Ice_Age_Temperature_Rev_png





http://www.globalwarmingart.com/wiki/Image:Ice_Age_Temperature_Rev_png
http://www.globalwarmingart.com/wiki/Image:Ice_Age_Temperature_Rev_png
http://www.globalwarmingart.com/wiki/Image:Ice_Age_Temperature_Rev_png
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Climate change drivers
Beyond Earth

– Solar radiance
– Orbital variance – Milankovitch cycles

• Eccentricity
• Tilt
• Precession

– Bolide impacts

Earthly origins
– Plate Tectonics
– Volcanism
– Evolution - biosphere
– Feedback mechanisms

Image Courtesy of Global Warming Art 
http://www.globalwarmingart.com/wiki/Image:Milankovitch_Variations_png

Presenter
Presentation Notes
THIS SLIDE PROVIDES AN OPPORTUNITY TO DISCUSS THE DRIVERS THAT BRING ABOUT CLIMATE CHANGE (AND OR BUFFER IT)

Solar radiance: Direct insolation is the solar irradiance measured at a given location on Earth with a surface element perpendicular to the Sun's rays, excluding diffuse insolation (the solar radiation that is scattered or reflected by atmospheric components in the sky).

http://en.wikipedia.org/wiki/Insolation

Milanovitch cycles: The Earth's orbit is an ellipse. The eccentricity is a measure of the departure of this ellipse from circularity.

The angle of the Earth's axial tilt (obliquity) varies with respect to the plane of the Earth's orbit. These slow 2.4° obliquity variations are roughly periodic, taking approximately 41,000 years to shift between a tilt of 22.1° and 24.5° and back again.

Precession is the change in the direction of the Earth's axis of rotation relative to the fixed stars, with a period of roughly 26,000 years. This gyroscopic motion is due to the tidal forces exerted by the sun and the moon on the solid Earth, associated with the fact that the Earth is not a perfect sphere but has an equatorial bulge.

The inclination of Earth's orbit drifts up and down relative to its present orbit with a cycle having a period of about 70,000 years. Milankovitch did not study this three-dimensional movement. Good explanation from:

http://en.wikipedia.org/wiki/Milankovitch_cycles

Bolide impacts: The term is more often used among geologists than astronomers where it means a very large impactor. The K-T boundary impact certainly changed climate and drove a mass extinction – see: http://en.wikipedia.org/wiki/Impact_event#Mass_extinctions_and_impacts

Plate Tectonics: long term changes to oceanic and atmospheric circulations. A good example is the circum-Antarctic current.

Volcanism: injection of particles, CO2 & SO2 and other material can change climate in short-medium term

Evolution: A good example is the oxygenation of the atmosphere in the Archaen – changed gas balances and hence climate 

Feedback: Major source of change. A good example would be changes in albedo result in changes in climate behaviour

Image [reversed by me but effectively from]: http://www.globalwarmingart.com/wiki/Image:Milankovitch_Variations_png



http://www.globalwarmingart.com/wiki/Image:Milankovitch_Variations_png
http://www.globalwarmingart.com/wiki/Image:Milankovitch_Variations_png
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Ancient Climates
Ice Free Earth

– Late Cretaceous
• Happy dinosaurs and other things
• High CO2 levels
• No significant polar ice
• Very warm oceans
• Very high sea levels

– Feedback 
• Anoxic ocean events
• Extinctions
• Cooling as C locked away

Image courtesy freeimages.com

Presenter
Presentation Notes
THIS SLIDE ALLOWS US TO TALK ABOUT A TIME WITH A SIGNIFICANTLY DIFFERENT CLIMATE



So why was the Cretaceous climate so warm? 

Plate Tectonics

The different land-sea configurations provide a partial explanation. In the middle Cretaceous, sea level was higher than at any other time during the past 250 million years. The greater proportion of continental surface covered by seawater resulted in reduced seasonal variations in temperature because of the lower surface albedo and greater thermal capacity of water. Seaways covering the Arctic, West Antarctica, and parts of East Antarctica also provided a means for heat transport to both poles throughout the year. With Australia against Antarctica and the Drake Passage closed, ocean surface currents sourced in the tropics reached further poleward than they do today, providing an additional moderating effect on Antarctic climate. 

Greenhouse gases

Computer simulations of Cretaceous climate indicate that radiative warming caused by increased greenhouse gas concentrations (principally CO2) [were more important than paleogeography in explaining Cretaceous global warmth (9). Estimates of Cretaceous pCO2 generally range from four to eight times preindustrial values, and some intervals, such as the Turonian-Coniacian , may have exceeded this amount severalfold (perhaps explaining the warming spike observed for that time). Climate models have revealed, however, that although CO2-induced warming can approximate globally averaged temperatures for the Cretaceous, the models predict steeper latitudinal temperature gradients (both warmer tropics and colder poles) than geologic data seem to allow. This has led some to suggest that the oceans played a greater role in transporting heat from the tropics to the poles than they do today, particularly through sinking of dense, saline waters formed in restricted low-latitude basins.

Anoxic events: See http://en.wikipedia.org/wiki/Anoxic_event

See: http://www.scotese.com/lcretcli.htm

Also see: http://cas.bellarmine.edu/tietjen/images/tropical_paradise_at_the_cretace.htm

http://serc.carleton.edu/research_education/cretaceous/climate.html
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End of Part 1:
Questions?

Presenter
Presentation Notes
HERE IS A GOOD CHANCE TO TAKE QUESTIONS AND BREAK FOR LUNCH WITH ONGOING DISCUSSIONS
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