Changing Climate

Climate change over geological time

Weather is the state of the atmosphere at a given time and place, with respect to aspects such as temperature, moisture, wind velocity and barometric pressure.

Climate is the long-term weather pattern of an area over a period of 30 years, including temperature, precipitation and wind. 

Icehouse and greenhouse Earth

When looking at the Earth on a geological timescale, there are periods where the planet has been hotter than average and periods where it has been colder. The warm periods are referred to as Greenhouse Earth and the cold periods are referred to as Icehouse Earth. 

Icehouse 

Icehouse events are characterised by a reduction in global temperatures, ice caps and glaciers. The huge increase in ice coverage then increases the drop in global temperatures by reflecting more solar radiation back into space.

Greenhouse 

Greenhouse events are characterised by a lack of ice coverage and an overall increase in global temperatures. They can be caused by an increase in the amount of solar radiation reaching the Earth or a change in the concentration of gases in the atmosphere. 

Extinction events

The extinction of species can be influenced by climate change. Most living organisms require certain conditions to live in, and if the conditions in an area change, the species living there will alter. In the same way, if climate changed happens on a global scale, it could wipe out many species by altering the conditions over a wider area.  



Evidence for climate change

Oxygen isotopes and temperature change

Oxygen has three stable isotopes, 16O, 17O and 18O. The majority of the world’s oxygen is made up of 16O, but a noticeable percentage is also 18O. 

16O is lighter and therefore more easily removed by evaporation, so when water evaporates from the ocean it tends to leave more 18O behind, altering the ratio of the two isotopes. 

Under normal circumstances the 16O of the evaporated water is returned to the ocean after falling as rain or snow and draining or melting through the river system. In periods of glaciation the light 16O is trapped in the ice caps and glaciers, leaving more 18O present in the oceans during cold periods.   

Once the ice caps and glaciers have melted, the 16O and 18O has returned to normal, so during warm periods, there is a more equal number of 16O and 18O isotopes in the ocean. 

Evidence of the change in oxygen isotopes can be found in the calcium carbonate shells of bivalves, belemnites and microfossils like foraminifera, where the oxygen content comes from the sea water and carbon dioxide. 

Carbon isotopes and temperature change

12C is a lighter and more common isotope of carbon, and makes up the majority of the carbon in the global cycle. There is also a small amount of the heavier isotope 13C. 

Plants preferentially take up 12C, so during glacial periods, when terrestrial biomass was greatly reduced, the oceans appear to be relatively depleted in 13C. Carbon isotopes are more useful than oxygen isotopes for stratigraphic purposes up to 10 million years ago because they are more resistant to diagenetic change.   



Climate change and geology

Milankovitch Cycles

Milankovitch cycles are cyclical changes in the rotation and orbit of the Earth, correlating with climatic effects. They are caused by changes in the amount of radiation reaching the Earth from the Sun over time.

1. Eccentricity: this is where the Earth’s orbit changes shape to become more elliptical, over a period of 100,000 years. 

An elliptical orbit at or near maximum eccentricity, causes an increase in seasonality – cold winters and hot summers. Snow melts in the warm summer, so this orbit produces interglacial conditions. A circular orbit at or near minimum eccentricity, causes a decrease in seasonality – mild winters and cool summers. Not all of the snow melts in the summer, so this orbit produces glacial conditions.  

2. Obliquity: this is where the tilt of the Earth’s axis changes by up to 3°, over a period of 41,000 years.  

At maximum tilt (24.5°), polar areas receive more sunlight during the summer, causing melting of ice and interglacial conditions. At minimum tilt (22.1°), polar areas receive less sunlight during the summer, causing expansion of ice and glacial conditions. 

3. Precession: this is where the inclination of Earth’s axis changes in relation to where it is on the orbit, operating in periods of 19,000 and 23,000 years. Precession is a combination of eccentricity and obliquity. 

At the moment we are closest to the Sun, so northern winters are slightly warmer than 11,000 years ago when the planet was farthest from the Sun. Slow changes in the direction of Earth’s axis as it orbits results in greater seasonal contracts.  

Evidence for Milankovitch cycles 

The Blue Lias and Kimmeridge Clay

The rocks in the Blue Lias of the Lower Jurassic, found at Lyme Regis in Dorset, alternate regularly from clay to limestone. Analysis of these rocks has shown that the change in environment from a clay-rich sea to a limestone-producing sea happened on a roughly 41,000 year cycle, correlating with the obliquity cycle.

Similarly, work carried out on clay found at Kimmeridge Bay in Dorset on Upper Jurassic rocks has identified regular Milankovitch cyclicity.    



Changing sea levels

Isostatic and eustatic sea level changes

Isostatic sea level changes are due to uplift or subsidence of the continental crust. The crust often sinks when loaded with ice or sediment, rising again when such loads are removed. These are local changes and are only seen in the affected region.

For example, Scotland is rising as it is rebounding now that it is free of several kilometres of ice which has weighed it down since the last ice age. In contrast, the south of England is sinking by almost a millimetre each year.  

Eustatic sea level changes are due to changes in the volume of the ocean basins or the volume of water contained within them. These are global changes and are seen worldwide.  

Eustatic sea level change can be caused by the melting of polar ice caps, releasing more water into the oceans. When ice caps advance, more water is held in the ice caps and sea level falls again. Eustatic changes can also be caused by a rapid rate of seafloor spreading, causing the mid ocean ridge to swell with magma.  

Evidence for past sea level changes

Sea level rise:

· Raised beaches
· Raised cliff lines
· Coral reef terraces
· Marine shale with younger fluvial sands above 

Sea level fall:

· Submerged forests
· Marine rocks overlying terrestrial rocks



Sea level changes and mass extinctions

Mechanisms of sea level change

To change global sea level, which is a eustatic change, either:

· The volume of water in the oceans has to change; or
· The volume of the ocean basins is altered.

Changing the volume of water in the oceans

The change in the volume of water is closely linked with climatic changes and involves the locking up and melting of water on land. 

When there is a glacial period, there is a marine regression (the sea level falls and results in shallow sea areas becoming land), and when the ice melts, there is a marine transgression (the sea level rises and flood the land, resulting in areas of land becoming shallow seas).  

Changing the volume of the ocean basins
Changing the volume of the ocean basins involves altering the relative levels of the continents and ocean basins. 

One idea is that if there are a lot of new ocean ridges, they will occupy more volume and water will be displaced onto the continents. Long-term rises in sea level correspond with times of high plate velocities when lots of new material is being formed by sea floor spreading at the mid-ocean ridges. In turn, this creates increased rates of subduction, causing subsidence and flooding of continental margins.

Slightly shorter term are the effects of mountain-building. Major orogenies cause thickening of the continental crust by folding and thrusting. Over time, those elevated mountain areas are eroded and the sediment infills the basins, steadily raising sea level again.    

Sea level, climate change and mass extinctions

Mass extinction and sea level falling

Large areas of shallow, warm seas with lots of nutrients are good for marine life, so mass extinctions can be caused by the loss of shallow sea habitats after marine regression. 

Mass extinction and sea level rising 

One link between marine transgression and mass extinction is that the increase in shallow seas would trigger blooms of marine plankton. Bacterial decomposition of the plankton resulted in high biological oxygen demand, therefore anoxic conditions and subsequently extinction. 



Evidence for palaeoclimatic change

Fossil evidence for changing climate

Corals

Modern corals grow in a narrow range of water depths and temperatures (so they are found mostly 30°N and 30°S of the Equator). We can assume that fossil reef building corals required the same tropical conditions. Fossil coral reefs are found in Silurian and Lower Carboniferous rocks, so must have formed when the British Isles was in tropical regions. 

Plants

Plants are excellent indicators of climate, and that can be linked to palaeolatitude:

· The presence of tree rings means that there were variations in growth rate due to a seasonal climate. The lack of tree rings in Carboniferous plant fossils indicates a non-seasonal, equatorial climate.
· [bookmark: _GoBack]Leaf shape can be linked to temperature and palaeolatitude. In modern vegetation the ratio of toothed to smooth margined leaves changes with mean annual temperature. Plants in warm areas have smooth leaf edges, whereas plants in colder areas have leaves with serrated edges.
· Leaf size is strongly related to temperature, humidity/water availability and light levels. Large leaves occur in humid conditions, and size decreases with decreasing temperature or precipitation.  
· Pollen grains can survive for millions of years and are distinctive under the microscope. Pollen grains show what types of plants were living at the time, and in turn that can indicate the climate, e.g. pine and birch pollen will indicate a cool climate, while oak and beech indicate a warmer climate.  

Lithological evidence

Coal

In order to produce peat in sufficient thickness to be compressed into economic coal seams, there has to be a highly productive ecosystem. Rapid plant growth requires high rainfall and temperatures, such as in tropical rainforests found in equatorial regions.  

Desert sandstone

Sands exposed to the air develop a red colour as the iron hydroxide oxidises to haematite. Desert sands are fine grained, very well sorted, with well-rounded grains consisting mostly of quartz. The grains are transported by the wind to produce spectacular dunes. Dune-forming desert latitudes are generally around 20-30°N or S of the Equator.  



Evaporites

Evaporites form where rainfall is low and evaporation is rapid in hot deserts. Evaporites today are found at latitudes of about 20-30° N and S of the Equator, so the same is likely for ancient deposits. 

Tillites

Tillites are glacial deposits, most commonly formed at high latitudes of 60° N or S of the Equator. 

Reef limestone 

Today, reef limestone is built mainly of colonial corals which are restricted to latitudes of less than 30° N and S of the Equator, so all reef structures are diagnostic of this latitude. 

The northward drift of the British Isles

We can use all the evidence provided by the rocks and fossils to identify and palaeolatitude for the British Isles throughout the geological record. 

	Period 
	Diagnostic rock type
	Approximate palaeolatitude 

	Quaternary 
	Glacial deposits
	55°N

	Tertiary 
	Palms and tropical plants
	40°N

	Cretaceous 
	Chalk 
	35°N

	Jurassic 
	Rare colonial corals
	30°N

	Triassic 
	Desert sandstones
	31°N

	Permian 
	Desert sandstones/evaporites 
	12°N

	Carboniferous 
	Reef limestones and corals
	0°

	Devonian 
	Desert sandstones
	20°S

	Silurian 
	Reef limestones 
	30°S




