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WRITTEN IN THE ARCTIC: 
PALEOCLIMATOLOGY 
 

Introduction 
What is paleoclimatology, what are archives and proxies? Has climate change occured in the 
past and how do we know it? How do scientists interpret natural records? What kind of history 
records can be found in the Arctic, and not only there? 
Paleoclimatologists seek to explain climate variations for all parts of the Earth during any given 
geologic period, beginning with the time of the Earthôs formation. 
 
Many related fields contribute to the field of paleoclimatology, but the basic research data are 
drawn mainly from geology and paleobotany; speculative attempts at explanation have come 
largely from astronomy, atmospheric physics, meteorology, and geophysics. 
 
Since modern records do not outline most of Earthôs climatic past, scientists must gather data 
preserved in nature over the millennia in paleological remains referred to as proxy records. 
 
Let's take a look at the climate over the last 65 million years, since the extinction of the 
dinosaurs. The Ice Age cycles known to us are the domain of the last 2-3 million years. Going 
back even further in the past, we will see that previously the climate was much warmer. 
 
The major climate changes in the past, before humans began to affect the environment on a 
large scale, took place because the climate was driven by some kind of external change that 
is usually called climate forcing. These forces include: 
 

¶ changes in solar radiation intensity 
 

¶ volcanic eruptions (which usually cool briefly) 
 

¶ rapid release of greenhouse gases 
 

¶ changes in the Earth's orbit. 
 
At the border of the Paleocene and Eocene eras, 55 million years ago, there was a sharp rise 
in Earth temperature, a sudden global warming that led to the Maximum Thermal Paleocene 
and Eocene (PETM). It is believed that this could have been caused by the sudden release of 
greenhouse gases into the atmosphere. 
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What was it like in the past? Solve the YES/NO QUIZ. 

 

 
 
 
 



                                                 

 

 

 
 
 

What are proxies? 

 
 
 

WORDSEARCH: find examples of proxies: 

 
 

 
 

A history of change 

 



                                                 

 

 

 
 
The history of Earth's climate over millions of years, during both warmer and colder periods, 
sheds light on the causes implications, and severity of current climate change. 
 
 
 
GO TO INTERACTIVE PRESENTATION: 
 https://media.hhmi.org/biointeractive/click/paleoclimate/ 

 
 
 

Learning from the past: 
Explain how the ability to describe the pattern of ice ages over the past million years helps us 
to assess what is a ñnormalò variation in Earthôs atmosphere. 
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Atmospheric changes in Earthôs history have caused large temperature changes through 
time. Explain how knowledge of these past connections between atmosphere and climate 
can inform us about modern-dayclimate change. 
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Inquiry 
 
 
Meet the proxies 
Match names and definitions. 2 definitions don't match any term. 
 

 
 

Which proxy is which? 

Match name of the proxy with image. Click "i" icon to learn more about each proxy. 



                                                 

 

 

 

 

 

 

Ice cores 

Ice, dust and air bubbles trapped in ice can be analysed to reveal how air temperature and 
atmospheric content of greenhouse gases such as CO2 and methane have changed over 
long time spans. Ice coring has been around since the 1950s. Ice cores have been drilled in 
ice sheets worldwide, but notably in Greenland and Antarctica, Ice cores from Antarctica can 
reveal temperatures 800 000 years back into the past. Ice cores from Svalbard can also be 
used to study climate, but these cores are trickier to interpret because summer melting is 
greater there than in Antarctica. 

The Arctic has not been continuously iced-over for as long as Antarctica, so climate archives 
in the north cover less time. In glaciers at the highest altitudes in Svalbard, where summer 
melting is smallest, it is possible to take ice cores that go 1000 years back in time. 



                                                 

 

 

 

 

 

Why are ice cores important? 

Glaciers carry important information about ancient climate. Ice, dust and air bubbles trapped 

in ice can be analysed to reveal how air temperature and atmospheric content of greenhouse 
gases such as CO2 and methane have changed over long time spans. Ice coring has been 
around since the 1950s. Ice cores have been drilled in ice sheets worldwide, but notably in 
Greenland and Antarctica, Ice cores from Antarctica can reveal temperatures 800 000 years 
back into the past. Ice cores from Svalbard can also be used to study climate, but these cores 
are trickier to interpret because summer melting is greater there than in Antarctica. The Arctic 
has not been continuously iced-over for as long as Antarctica, so 

climate archives in the north cover less time. In glaciers at the highest altitudes in Svalbard, 
where summer melting is smallest, it is possible to take ice cores that go 1000 years back in 
time. 



                                                 

 

 

 

 

 

Now fill in the blanks to continue ... 

 

The measurement of the ééé composition is direct: trapped in deep ice cores are tiny ééé 
of ancient air, which we can extract and analyse using mass ééé. . 

ééé, in contrast, is not measured directly, but is instead inferred from the isotopic 
composition of the water molecules released by melting the ice cores. 

The isotopes of particular interest for climate studies are OXYGEN and HYDROGEN: 16O 
(with 8 protons and 8 neutrons that makes up 99.76 percent of the oxygen in ééé) and 18O 
(8 ééé and 10 neutrons), together with 1H (with one proton and no neutrons, which is 99.985 
percent of the ééé in water) and 2H (also known as deuterium (D), which has one proton 
and one neutron). All of these isotopes are termed 'stable' because they do not undergo 
radioactive decay. ééé has been used to date the Dome C ice core from Antarctica. 

 

Oxygen isotopes 

The ratio (meaning: relative amount) of these two types of oxygen in water changes with the 
climate. The water-meaning ice in glaciers originally came from the oceans as vapour, later 
falling as snow and becoming compacted in ice. Now observe the figure below and solve the 
riddle. 

 
 

How does it work? 
Put parts parts of sentences in correct order to learn how do we read past temperatures form 

isotopes found in ice cores. 



                                                 

 

 

 
 

Greenland ice core data 

You are now working with oxygen isotope data collected from twenty sites in Greenland that 
has been statistically averaged. They epresent conditions in the winter season (November-
April) for the years 1829-1970. (reduced to data for every 5 years). Scientists have an indicator 
for the relative amount of H2 18O in water. It is ŭ18O, and is pronounced ñdelta-18-Oò. The 
delta, ŭ, stands for ñchange,ò and the 18O represents the oxygen18 in H2 18O. So, in ice core 
samples taken at the poles, a higher ratio of heavy water to light water indicates higher average 
global temperatures. 

YEAR ŭO18-O18/O16 Ratio 

1960 4,183 

1955 -0,506 

1950 -0,539 

1945 -1,803 

1940 5,541 

1935 2,675 

1930 -0,388 

1925 -1,588 

1920 -1,264 

1915 -3,439 

1910 -2,106 

1905 -2,887 

1900 -4,145 

1895 2,300 

1890 -3,772 



                                                 

 

 

1885 -1,642 

1880 -0,357 

1875 1,464 

1870 -1,419 

1865 0,784 

1860 -1,009 

1855 0,382 

1850 0,373 

 

TRUE OR FAKE? 

Now look at the graph below, showing changes in temperature in Greenland. 

Compare this graph with data from ice cores (see table). Do you think this is a correct graph? 
Explain. 
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Tiny but mighty 

Solve the quiz about one of the most fascinating proxies! 

 

 

 

Research 
 
Ice Core Drilling 
A group of scientists is drilling through Arctic ice to find out whatôs happening in the middle of 
the ice field, and how that could affect all of us. 
 

LINK TO THE VIDEO: https://youtu.be/fHWnoGl79y4 

https://youtu.be/fHWnoGl79y4


                                                 

 

 

 
 
 
 
 
How to handle an ice core? 
 
 
 
Drilling an ice core is a tough task. Since core samples are needed, researchers cannot simp[ly 
destructively bore through the ice sheet, thedrill has to be hollow. Also, as theyôre carving our 
ice cores with a hollow drill-head, they have to collect the ice cuttings in order to keep the 
borehole open. Additionally, to lubricate the drilling process and fill the void left by the coring, 
they usually use an ester-based drilling fluid, that smells a little bit like a coconut. 
 
To unlock the information inside an ice core, researchers in the lab may melt or crush the 
sample bit by bit; each deeper layer represents a slightly earlier time in the Earth's climate 
history. The ice arrives in small strips, about 1-by-1 inch apiece, which are smaller slices of the 
roughly three-foot-long, coffee-can-wide pieces a drill pulls out of a glacier. 
 
Sometimes researchers are studying actual bubbles of the early atmosphere, trapped in the 
ice as it formed. To collect them, they crush the sample under a vacuum hood, which keeps 
other air out while they pull the newly released air into vials. 
 
 
Scientists run melted samples through various instrumentsðmass spectrometers, scanning 
electron microscopes, gas chromatographsðto find tiny pieces of pollution, like sulfates, 
traces of metals, or radioactive fallout, or natural aerosols like dust or volcanic ash. 
 
Because every clue in the ice, whether a grain of sea salt or an air bubble, is so miniscule and 
the measurements must be incredibly precise, any analysis must be done in a "clean room" 



                                                 

 

 

setting. The researchers wear body suits and multiple layers of gloves; the room must have 
ultraclean filters and vents to keep the air pristine. 
 
The embedded pebbles and dingy ice tell researchers that this portion of the ice core is from 
the bottom of the glacier, right above bedrock. This chunk comes from the first ice core drilled 
at Mt. Hunter, Alaska; the core's total length was 682 feet. Photo by Mike Waszkiewicz. 
 

 
 
 
Watch the video and answer the following questions: 
 

1) What makes Greenland a perfect source of ice cores? 
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2) What is the TIME RESOLUTION of data provided by ice cores? 
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3) Give 3 examples of information about past conditions that ice cores can deliver 
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4) Give 1 example of technical problems in working with ice cores 
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When Antarctica was green 

 
Before the start of the Eocene Epoch about 56 million years ago--Antarctica was still joined to 
both Australia and South America. And it turns out that a lot of what we recognize about the 
southern hemisphere can be traced back to that time when Antarctica was green. 
 
LINK TO THE VIDEO: https://youtu.be/cC4WiBCoVeo 

 
 

 

 

How do we know- the study 
 
 
Was Antarctica a ...subtropical paradise? Yes, 53 million years ago, replete with palm trees, 
summer highs near 25ÁC and frost-free winters sitting near 10ÁC despite the endless 
darkness. 
 
It was because of the anomalous warm bubble known as the Eocene, when soaring 
atmospheric carbon dioxide levels drove the global average temperature to increase by 5ÁC. 
Itôs not only carbon dioxide that needs to be taken into account, either. During the early 
Eocene when these palm fronds lined the shore, Antarctica and Australia were still 
connected at the surface. It wasnôt until millions of years later that the powerful Antarctic 
Circumpolar Current took shape, a strong ocean current that essentially prevents energy or 
heat from moving in and out of Antarctica, and one of the major reasons why the polar 
continent is so cold today. 
But how do we know? Thanks to paleoclimate proxies! 
Drilling into an offshore site near Wilkes Land, a part of eastern Antarctica that lies south of 
Australia, a team of researchers collected sediment from deep below the sea floor that was 

https://youtu.be/cC4WiBCoVeo


                                                 

 

 

laid down and subsequently buried over the past 53 million years. In that ancient material the 
researchers found ñpollen and spores and the remains of tiny creatures. 
READ THE STUDY: https://www.nature.com/articles/nature11300 
 

 

Environmental history 

 

Environmental history is a rather new discipline that came into being during the 1960ôs 
and 1970ôs. Historians started to look for the origins of the contemporary problems, 
drawing upon the knowledge of a whole field of scientific disciplines which had been 
developed during the preceding century. For environmental - climate and vegetation 
history scientists rely on written sources, paintings, photographs and recorded 
instrumental observations. 
 
Historical documents contain a lot of information about past climates but also 
descriptions of the landscape used to reconstruct climates and landscape change 
dating back several hundred years back in time. Observations of weather and climatic 
conditions as well as the landscape and resources such as forests and peat deposits 
(for fuel) can be found in farmers, travellers and gamekeepers diaries, newspaper 
accounts, ships logs and other written records. 
Landscape paintings or photographs can provide information about woodland cover, 
use of the land and perceptions of landscapes. When properly evaluated, historical 
data can yield both qualitative and quantitative information about past climate and 
landscape change. 
 
Check the INTERACTIVE IMAGE and click to learn more about MEDIEVAL WARM 
PERIOD and LITTLE ICE AGE 
LINK TO INTERACTIVE IMAGE: 
https://view.genial.ly/60f563da0ddd920db23678e5/interactive-image-changes-in-the-
past 
 

https://www.nature.com/articles/nature11300
https://view.genial.ly/60f563da0ddd920db23678e5/interactive-image-changes-in-the-past
https://view.genial.ly/60f563da0ddd920db23678e5/interactive-image-changes-in-the-past


                                                 

 

 

 

Year without summer 

What happened in 1816 and what does it have to do with environmental history? 

Watch the video presentation. You can pause it anytime to read more carefully. 

 

 
 


