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Ice Core Practical
Graph 1
1. Referring to graphs 1 and 2, explain the differences between their shapes.
At first glance both graphs appear very similar – they both show a distinct decrease in the 18O concentration, starting at around 1,500m in graph 1 and at around 10,000 BP in graph 2. Using these changes on the respective graphs as markers, the inherent disadvantage of ice core analysis becomes apparent. The age range of the entire ice core is approximately 20,000 years, yet the latter 10,000 years in which the distinct decrease in 18O concentration occurs, is represented in the last 700m of the ice core only. As new layers of ice are continuously formed above, the ice at the bottom of the ice core is subjected to increasing pressure, which makes the ice more compact, resulting in a decrease in resolution.

Graph 3
1. Describe the major features of the graph trendline through time. How does the 18O concentration change? 
2. What does the change in 18O concentration tell you about the climate over this period of time?

3. Describe some of the major environmental changes in the North Atlantic that you may expect to see over this period as you 
    go forward in time.

Graph 3 illustrates the changing 18O concentration between 10,000 and 12,000 years BP. The trendline shows a constant average increase in ratio of approximately 3 per mil between 11,200 and 10,000 BP. However, before this there is more rapid increase in ration of around 4 per mil in only 800 years. These two distinct rates of increasing ratio represent two different palaeoclimatic events.

In all three graphs, the 18O concentration is expressed as ‘deviations per mil’, and represents the deviation of the ratio between 16O isotope and 18O isotope in relation to a standard. Both isotopes are found naturally in sea water, and both have exactly the same properties, except that 16O is more readily evaporated due to its lighter mass. As such, the ratio between 16O and 18O varies with temperature: the higher the temperature, the greater the rate of evaporation, the more 16O is evaporated in relation to 18O (Bryand E, 1997). Considering that ice is formed from evaporated sea water that precipitates onto land, analysis of the ratio between the isotopes of a sample of ice will imply the surface temperature at which the water it contains was evaporated. When you incorporate this idea into the analysis of an ice core, you are effectively presented with a “palaeothermometer” (Bryand E, 1997, page 78). With these principles in mind, the trendline of graph 3 effectively shows an average increase in atmospheric temperature between 12,000 and 10,000 BP, although at two distinct rates.

Additional oxygen isotope data from ice cores have indicated that in the last 700,000 years there have been 19 periods of significantly reduced temperature, commonly known as ‘Ice Ages’, or preferably ‘glacials’. Our data extends back 12,000 years and corresponds with the end of the last ice age, known as the “Pleistocene Epoch” and the subsequent period of increased temperature, an ‘inter-glacial’, known as the “Holocene Epoch” (Handerson-Sellers A., Verstraete M. M., 1996, page 180-182). 

The end of the last Pleistocene Epoch saw a limited period of renewed glaciation, known as the “Younger Dryas”, during which North Atlantic surface temperatures dropped by 100 and sea-ice extended as far as 450 N. Graph 3 begins near the end of the Younger Dryas, at around 11,500BP. Within 30 years the environment experienced dramatic change: sea-ice rapidly retreated northwards, sea-level rapidly increased inland (flooding the Atlantic continental shelf), precipitation increased by 50% and temperatures over adjacent landmasses increased by over 70. Coupled with this, the retreat of the ice allowed for the establishment of vegetation, primarily boreal forest, which reduced atmospheric dust concentration further. By 11,000 BP the Holocene interglacial climate was firmly established (Handerson-Sellers A., Verstraete M. M., 1996).
Throughout the remaining period of graph 3, the Holocene, the environment can be considered to have been stable, and much like that of today. However, since the end of the Pleistocene there have been  numerous distinct fluctuations in temperature known as “flickerings” or “noise”. These flickerings were in the order of 1-20 and between 10 and 30 years, and are thought to have occurred due to changes in atmospheric dust transport over Greenland, from where the ice cores were taken, and also Solar Flux variations (Bryand E, 1997, page 80).
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