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Chapter 6  Global Climate Change

Learning Outcomes
In this section, you will

• Understand the significance 
of growth rings in trees as 
indicators of environmental 
change. 

• Understand the significance 
of ice cores from glaciers as 
indicators of environmental 
change. 

• Investigate and understand 
the significance of geologic 
sediments as indicators of 
environmental change. 

• Examine the significance of 
glacial sediments and landforms 
as evidence for climate change. 

• Investigate and understand the 
significance of fossil pollen as 
evidence for climate change.

Section 1 Paleoclimates

Think About It 
The cross section of a tree trunk shows numerous rings. 

• What do you think the light and dark rings represent? 

•  What can you infer about climate from the varying thicknesses 
of the rings? 

Record your ideas about these questions in your Geo log. Be 
prepared to discuss your responses with your small group and 
the class.

Investigate 
In this Investigate, you will study two of the ways in which 
scientists learn about past climates. First, you will see how tree 
rings are used to infer how climate may have changed from 
year to year over hundreds of years. Then, you will model 
how scientists investigate climate by studying the pollen in 
lake sediments. 

Part A: Tree Rings 

 1. Examine the photograph on the next page that shows tree 
growth rings from a Douglas fir. Notice the line that points to 
the growth ring that formed 550 years before the tree was cut. 

What Do You See?
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a) Where are the youngest and the 
oldest growth rings located? 

b) Not all the growth rings look 
identical. How are the rings on the 
outer part of the tree different from 
those closer to the center? 

c) Mark the spot on a copy of the 
photograph where the change in 
the tree rings occurs. 

 2. Using the 550-year growth ring as a 
starting point, count the number of 
rings to the center of the tree. Now 
count the number of rings from the 
550-year growth ring to where you 
marked the change in the way the 
rings look.

a) Record the numbers. 

b) Assuming that each ring represents 
one year, how old is the tree? 

c) Assume that the tree was cut down in 
the year 2000. What year did the tree 
rings begin to look different from the 
rings near the center (the rings older 
than about 550-years old)? 

 3. Compare the date you calculated in 
Step 2.c) to the graph that shows 
change in temperature for the last 
1000 years. 

a) What was happening to the climate 
during that time? 

b) From these observations, what would 
you hypothesize is the relationship 
between the thickness of tree rings 
and climate? 

 4. Examine the diagram that shows 
temperature change for the last 
160,000 years. 

a)  How does the duration of the Little 
Ice Age compare to the duration of 
the ice age (the time between the 
two interglacial periods) shown in 
this figure?

Part B: Fossil Pollen 

 1. Using blue, red, green, and yellow 
modeling clay, make layers in a small 
container. You may put the colors 
down in any order and thickness. The 
container represents a lake or pond, and 
the clay represents sediment that has 
settled over a long time.

Section 1  Paleoclimates
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 2. When you have finished laying down 
your “sediments,” use a small pipe to 
take a core. Push the pipe straight down 
through all of the layers. Then carefully 
pull the pipe back up. Use a thin stick 
to push the core of sediments out of 
the pipe.

Place folded paper towels or other padding 
between your hand and the upper end of the 
pipe before pushing it into the clay.

a) Draw a picture of the core in your 
log and note which end is the top. 

b) Measure and record the thickness of 
each layer of sediment to the nearest 
tenth of a centimeter. 

 3. The different colors of clay represent 
sediments that have settled at the 
bottom of the lake at different times. 
For this exercise, assume that each 
centimeter of clay represents 1000 years 
of time. 

a) How many years does your core 
represent from top to bottom? 

b) How many years does each 
layer represent? 

 4. Imagine that the different colors of clay 
represent the following: 

•  Blue: sediments containing pollen 
from cold-climate plants, such as 
spruce and alder trees.

•  Red: sediments containing pollen 
from warm-climate plants, such as 
oak trees and grasses. 

•  Green: sediments containing mostly 
spruce and alder pollen, with a little 
oak and grass pollen. 

•  Yellow: sediments containing mostly 
oak and grass pollen, with a little 
spruce and alder pollen. 

a) How do you think the pollen gets 
into the lake sediments? 

b) Describe what the climate around 
the lake was like when each layer of 
sediment was deposited.

c) Write a paragraph describing the 
climate changes over the period of 
time represented by your core. Make 
sure you state how many years ago 
each climate change occurred. Note 
whether transitions from one type 
of climate to another appear to have 
happened slowly or quickly.

HOW GEOLOGISTS FIND OUT ABOUT 
PALEOCLIMATES
Global Climate
Climates differ from one region of Earth to another. The climate of a 
region depends on latitude, elevation, and geographic features. However, 
the entire Earth also has a climate. This is called global climate. It is usually 
expressed as the year-round average temperature of the entire surface of 
Earth. Average rainfall is also an important part of global climate. Today, 
the average temperature on the surface of Earth is about 60°F. But Earth’s 
climate has changed continually over geologic time. In this chapter, you 
will be looking at what causes these changes in global climate, and how 
human activity may be causing global climate change.

Digging Deeper

Geo Words
climate: the general 
pattern of weather 
conditions for a region 
over a long period of 
time (at least 30 years). 

global climate: 
the mean climatic 
conditions over the 
surface of Earth as 
determined by the 
averaging of a large 
number of observations 
spatially distributed 
throughout Earth.
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Section 1  Paleoclimates

Direct Records and Proxies
In the Investigate, you studied two of the ways in which scientists learn 
about past climates. In Part A, you saw how tree rings are used to infer 
how climate may have changed from year to year over hundreds of years. 
In Part B, you modeled how scientists investigate climate by studying 
the pollen in lake sediments. This Digging Deeper will help you to 
understand more about the ways in which scientists study past 
climatic conditions.

A paleoclimate is a climate that existed sometime in the past. It could 
have been as recently as just a few centuries ago. On the other hand, it 
could have been as long as billions of years ago. During the Mesozoic Era, 
dinosaurs roamed Earth. This was 251 to 65.5 million years ago. Global 
climate was warmer than today. The Pleistocene Epoch was 1.8 million 
to 10,000 years ago. This is when mastodons and cave people lived on 
Earth. Global temperatures seesawed back and forth. The climate went 
between cold glacial intervals and warmer interglacial intervals.

During glacial intervals, huge sheets of glacial ice covered much of 
northern North America. Just a few hundred years ago, the climate was 
about 3°F cooler than it is now. The time period from about the mid-
1300s to the mid-1800s is called the Little Ice Age, because temperatures 
were generally much colder than today. Glaciers in many parts of the 
world expanded. Global temperatures have gradually increased since 
then, as Earth has been coming out of the Little Ice Age. Today, Earth 
has only two continental ice sheets. One covers most of Greenland. 
The other covers most of Antarctica.

The last retreat of continental glaciers took place between about 
20,000 years ago and 8000 years ago. That was before the invention of 
writing. Therefore, there is no direct record of this change. Systematic 
records of local weather go back only about 200 years. These are made 
with the help of accurate weather instruments. A global network of 
weather stations has existed for an even shorter time. There are historical 
accounts for individual places. One of the most notable is in China. For 
certain places in China, records extend back 2000 years. These records 
are useful. However, more information is needed to understand the 
changes in climate. Paleoclimatologists use a variety of methods to infer 
past climate. Together, the evidence gives a picture of the history of 
Earth’s climate.

Unfortunately, nothing gives a direct reading of past temperature. 
However, many kinds of evidence give an indirect record of past 
temperature. These are called climate proxies. Something that represents 
something else indirectly is called a proxy. In some elections, a voter can 
choose another person to cast their vote. That vote is called a proxy. 
There are many proxies for past climate. However, none is perfect.

Geo Words
paleoclimate: the 
climatic conditions 
in the geologic past 
reconstructed from a 
direct or indirect data 
source. 

glacial interval: period 
of time during which 
Earth experiences 
colder than average 
climate and glaciers 
expand.

interglacial interval: 
period of time 
during which 
Earth experiences 
temperatures warmer 
than during glacial 
intervals and glaciers 
recede.

Little Ice Age: the time 
period from the mid-
1300s to the mid-1800s. 
During this period, 
global temperatures 
were at their coldest 
since the beginning of 
the Holocene.

continental ice sheet: 
a sheet of ice (often 
referred to as a glacier) 
of great thickness and 
area, large enough to 
cover a continent.

paleoclimatologist: a 
scientist who studies 
Earth’s past climate. 

climate proxy: any 
feature or set of data 
that has a predictable 
relationship to climatic 
factors and can 
therefore be used to 
indirectly measure 
those factors.

EC_Natl_SE_C6.indd   643 7/13/11   9:31:53 AM



EarthComm
644

Chapter 6  Global Climate Change

Fossil Pollen
Pollen consists of tiny particles that 
are produced in flowers to make 
seeds. Pollen is often preserved in the 
sediments of lakes or bogs. It is blown 
in by the wind. For example, a layer of 
sediment may contain a lot of pollen 
from spruce trees, which grow in cold 
climates. From that, you can infer that 
the climate around the lake was cold 
when that layer of sediment was being 
deposited. Geologists collect sediment 
from a succession of sediment layers. 
They count the number of pollen grains 
from different plants in each layer. Then 
they make charts that can give an idea 
of the climate changes that have taken 
place. (See Figure 1.) Pollen is easy to 
study because there is so much of it. 
Geologists also study fossil plants and 
insects to reconstruct past climates.

Ice Cores
In recent years, ice cores have become a very powerful technique for 
studying paleoclimate. (See Figure 2.) Ice cores are samples removed from 
ice. Very long cores, about 10 cm (4 in.) in diameter, have been obtained 
from both the Greenland and Antarctic ice sheets. The longest, from 
Antarctica, is 3623 m (about 2.25 mi) long. Ice cores have been retrieved 
from high mountain glaciers in South America and Asia.

Figure 2 Scientists are able to obtain clues about past climatic conditions from air 
bubbles trapped in ice cores.

Figure 1 Changes over time in the 
relative amounts of different types 
of pollen from various trees and 
grasses give clues as to how 
climate has changed in the past.
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Section 1  Paleoclimates

Glaciers consist of snow that 
accumulates each winter and 
does not melt entirely during 
the following summer. The 
snow is gradually compressed 
into ice as it is buried by later 
snow. The annual layers can 
be detected by slight changes 
in dust content. The long core 
from Antarctica provides a 
record of climate that goes 
back more than 400,000 years. 
(See Figure 3.)

Bubbles of air trapped in the
ice contain samples of the
atmosphere from the time
when the snow fell. Paleoclimatologists study the oxygen in the water 
molecules in the ice. Almost all of the oxygen atoms in the atmosphere 
are in two forms. They are isotopes of oxygen. Isotopes are atoms of 
the same element. However, they have a different numbers of neutrons. 
Therefore, they have different masses. The two isotopes are oxygen-16 
(written 16O) and oxygen-18 (written 18O). They are the same chemically, 
but they have slightly different masses. 18O has a greater mass than 16O. 
The proportion of these two isotopes in snow depends on average global 
temperatures. Snow that falls during periods of warmer global climate 
contains a greater proportion of 18O. Snow that falls during periods of 
colder global climate contains a smaller proportion of 18O. The ratio of 18O 
to 16O can be measured very precisely with special instruments. Another 
important way of using glacial ice to estimate global temperature is 
to measure the proportions of the two naturally occurring isotopes of 
hydrogen. These are 1H and 2H. (2H is called deuterium.)

The air bubbles in glacial ice contain carbon dioxide. The amount of 
carbon dioxide in the air bubbles depends on the amount of carbon 
dioxide in the air. This in turn can be linked to global temperatures. When 
the paleoclimate is thought to have been warm, the air bubbles in the 
ice core show higher levels of carbon dioxide. When the climate was cold, 
the levels of carbon dioxide are lower. Measurements of carbon dioxide 
taken from the cores give a global picture. This is because carbon dioxide 
is spread uniformly in the global atmosphere.

A third component of the ice that yields clues to paleoclimates is dust. 
During colder climates, winds tend to be stronger. The stronger winds 
erode more dust. The dust is deposited in small quantities over large 
areas of Earth.

 Figure 3 Temperature variation over the past 
420,000 years, relative to the modern surface 
temperature at Vostok, Antarctica (–55.5°C).

Geo Words
isotope: one of two 
or more kinds of 
atoms of a given 
chemical element that 
differ in mass because 
of different numbers 
of neutrons in the 
nucleus of the atoms.
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Deep-Sea Sediments
Foraminifera (“forams,” for short) are a kind of single-celled animal that 
lives in the ocean. Sand-sized shells of the forams build up in layers of 
ocean-bottom sediment. During warm climates, the shells spiral in one 
direction. During cold climates, an interesting change in anatomy takes 
place. The shells spiral in the opposite direction. The shells consist of 
calcium carbonate. Calcium carbonate contains oxygen. Geologists can 
measure the proportions of the two oxygen isotopes to find out about 
paleoclimates. The shells have more 18O during colder climates. They have 
less during warmer climates.

Note that this is opposite to the amount of 18O in the precipitation that 
falls and is stored in glacial ice during colder climates. Large amounts 
of 16O are stored in glacial ice during cold climates. Therefore, the 18O 
content of the oceans is somewhat higher. The shells of foraminifera 
obtain the oxygen for the calcium carbonate in their shells from the 
ocean. Therefore, in cold climates, they use greater amounts of 18O 
than 16O to build their shells.

Glacial Landforms and Sediments
Glaciers leave recognizable evidence in the geologic record. Glacial 
landforms are common in northern North America. Glaciers erode the rock 
beneath them as they move. They then carry the sediment and deposit 
it to form distinct landforms. Cape Cod, in Massachusetts, is an example 
of long ridges of sediment left by glaciers. Long Island, in New York, is 
another example. Similar deposits are found as far south as Missouri.

  Figure 4 A glacier carries ground-up pieces of rock and sediment into lakes
and oceans.

Geo Words
foraminifera: an 
order of single-
celled organisms 
(protozoans) that live 
in marine (usually) 
and freshwater 
(rarely) environments. 
Forams typically have 
a shell of one or 
more chambers that 
is typically made of 
calcium carbonate. 

loess: the deposits of 
windblown silt laid 
down over vast areas 
of the mid-latitudes 
during glacial and 
postglacial times.
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Checking Up
1. How do tree rings 

indicate changes in 
climate? 

2. List three ways that 
ocean sediments 
help scientists 
understand ancient 
climates. 

3. Imagine an ice core 
taken from the 
Antarctic ice sheet. 
A layer of ice called 
“A” is 100 m 
below the surface. 
A layer of ice 
called “B” is 50 m 
below the surface. 
Explain why layer 
“A” represents 
the atmospheric 
conditions of an 
older climate than 
layer “B.”

Think About It Again

At the beginning of this section, you were asked the following about the cross 
section of a tree trunk that shows numerous rings:

•  What do you think the light and dark rings represent? 

•  What can you infer about climate from the varying thicknesses of the rings? 

Record your ideas about these questions now. Explain how paleoclimate is 
recorded in the annual growth rings in trees.

Reflecting on the Section and the Challenge 

You will need to explain some of the ways that geologists find out about climates 
that existed in the geologic past. The Investigate helped you understand two of 
the ways that geologists find out about ancient climates. Geologists study tree 
growth rings. They relate the thickness of the tree rings to the climate. Geologists 
also collect cores from layers of sediments and study the kinds of pollen contained 
in the sediments. The pollen shows what kinds of plants lived there in the past, 
and that shows something about what the climate was like. In the Digging 
Deeper, you read that paleoclimatologists also use information from ice cores, 
deep-sea sediments, and glacial landforms and sediments to study past climates. 

Fine glacial sediment is picked up by the wind. It is deposited over large 
areas as a sediment called loess. There are thick deposits of loess in 
central North America. Its layers reveal several intervals of glaciation 
during the Pleistocene Epoch.

Glaciers also leave evidence in the ocean. When glaciers break off 
into the ocean, icebergs float out to sea. As the icebergs melt, glacial 
sediment in the icebergs settles down to the ocean bottom. The glacial 
sediment is easily recognized. This is because it is much coarser than 
other ocean-bottom sediment.

Tree Rings

Paleoclimate is also recorded in the annual growth rings in trees. 
Trees grow more during warm years than during cold years. A drawback 
to tree rings is that few tree species live long enough to provide a look 
very far into the past. Bristlecone pines, which can live as long as 5000 
years, and giant sequoias, which can also live several thousand years, 
are most often used.
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Understanding and Applying

 1. Use colored pencils and a ruler to draw a hypothetical series of lake-bottom sediments 
representing the sequence of climates given below. Use the same colors as you used in 
the Investigate to represent layers containing different kinds of pollen. Again, assume 
that it takes 1000 years to deposit 1 cm of sediment.

• 7000–5000 years ago: climate supporting grasses and oaks. 
•  5000–3000 years ago: climate supporting mostly grasses and oaks, with some 

spruce and alder. 
•  3000–2000 years ago: climate supporting mostly spruce and alder, with some 

grasses and oaks. 
•  2000–1500 years ago: climate supporting mostly grasses and oaks, with some 

spruce and alder. 
• 1500 years ago to the present: climate supporting grasses and oaks. 

a)  Describe what the climate around the lake was like when each layer of sediment  
was deposited. 

b)  From this data, what time period marks the coldest climate recorded in the lake- 
bottom sediments? 

c)  Did the climate cool at the same rate as it warmed? 

d)  Think of a hypothesis that might explain your answer to the previous question. 
What additional observations might help you test this hypothesis?

 2. Preparing for the Chapter Challenge

a)  Clip out and read several newspaper articles about scientific topics.

b)  Using a style of writing appropriate for a newspaper, write a paragraph or two 
about each of the following topics, explaining how geologists use them to find 
out about paleoclimates:

• deep-sea sediments;
• glacial landforms and sediments;
• ice cores from Antarctica;
• pollen studies, and
• tree rings.
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Inquiring Further 
 1. Greenland Ice Sheet Project

Research the Greenland Ice Sheet Project Two (GISP2), a project that is collecting and 
analyzing ice cores. What are the most recent discoveries? How many ice cores have 
been collected? How many have been analyzed? How far into the past does the data 
currently reach? Visit the EarthComm Web site at http://www.agiweb.org/education/
earthcomm2/ to help you start your research. 

 2. Dating deep-sea sediments 

Investigate some of the techniques geologists use to date deep-sea sediments: carbon-14 
dating, isotope dating of uranium, fission-track dating of ash layers, and geomagnetic-
stratigraphy dating. 

 3. Paleoclimate research in your community 

Investigate whether any of the paleoclimate techniques discussed in this section have 
been used near your community or in your state to research paleoclimates.
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