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CHAPTER 1:  INTRODUCTION TO GEOLOGY    Name: ________ 

Physical geology is concerned with the materials and physical features of the 
Earth and the processes that bring about these changes. 
 
Even though geology includes many aspects ofW chemistry, biology, and physics, 
it is unique.  
 
Time and scale are probably the two hardest factors to overcome in the study of 
geology. Some geological processes may take millions of years. Therefore, they 
cannot be studied in a lab.  Experiments must be theorized a lot of the time. Also, 
it is impossible to bring a tectonic plate or volcano into a laboratory. So, either a 
lot of field studies are done or scale models are created. 
 
In a chemistry experiment, it is relatively easy to control all the variables. 
However, in a geological system, it is nearly impossible. A geological system is an 
open system where matter and energy travel in and out all the time. Temperature 
and pressure also changes regularly.  
 
How do we study geology?   
 
We use “the present as the key to the past”. This approach is called 
uniformitarianism.  We look at geologic processes of today and see the rate of 
change. We assume that the same physical principles have been operating from 
past to present.   
 
Some scientists believe in catastrophism but it has been largely discounted. 
Catastrophism means that the earth was static and was not forever changing. 
Then, large catastrophic events such as comets hitting Earth, earthquakes, or 
violent volcanic eruptions occurred and changed the Earth.  
 
Here are some changes that are currently occurring on and within the Earth: 
 

• The Earth is slowly losing heat and has ever since it formed.  Since the heat 
has changed, volcanic action and rate of cooling of substances have 
probably also changed. However, it’s important to note that the interior of 
the planet is still extremely hot (approximately 7000oC). 

 
• Earth’s atmosphere has also changed, going from oxygen-poor to oxygen-

rich.  
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QUESTIONS: 
 

1. What is geology? 
 
 
 
 
 

 
 

2. What makes geology different from other sciences? 
 
 
 
 
 
 
 
 

3. What is uniformitarianism? 
 
 
 
 
 
 
 
 
 
 

4. How does uniformitarianism differ from catastrophism? 
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Read the following article.  As you go through it, highlight any 
sections that you feel are particularly important or thought-
provoking.  We will be discussing it tomorrow in class. 
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After reading the article “The Earth and its People: Repairing 
Broken Connections”, make some notes so that you can 
discuss the following questions in class tomorrow: 
 

1. What are some reasons why people seem to be losing touch with 
the earth? 

 
 
 
 
 
 
 
 
 
 

2. Elaborate on why it is important for people to have an 
established connection to the earth and its environment. 

 
 
 
 
 
 
 
 
 
 

3. What are some ways we can help repair the disconnection 
between the Earth and its people?  
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How did the Earth come to be? 
 
Scientists use the Big Bang Theory to explain the origin of the modern universe. 
This theory states that a lot matter was created and spread throughout space in a 
giant explosion approximately 13.8 billion years ago.   
 
The Protoplanet Hypothesis is the explanation for how our solar system formed.  
It is believed that our sun was formed from a large cloud of gases and dust.  Over 
time, the cloud was pulled inward due to its own gravitational force. The 
compressed matter created enough heat that hydrogen fusion began and the sun 
began giving off energy. 
 
Leftover matter began to revolve around the sun by gravitational pull. Eventually 
this matter condensed into planets and other satellites such as moons which 
rotate within the solar system.  Some smaller fragments still exist in our solar 
system as comets, meteorites, and asteroids. 
 
The different compositions of planets is based on their proximity to the sun. Solar 
winds blew lighter elements to outer parts of the solar system, to become the 
outer planets (the gas giants).  Heavier elements formed terrestrial planets closer 
to the sun.   
 
When the Earth started to cool, more dense elements such as iron and nickel 
went to the centre and the less dense elements such as oxygen and silicon 
concentrated on the crust.  Four distinct layers were formed, based on chemical 
composition: 

• The crust, a thin layer (~50 km thick) 
made up of relatively light rock.  

• The mantle, made of dense rock with lots 
of iron, magnesium and silicon (~2900 km 
thick)   

• The outer core, made of liquid iron and 
nickel (~2250 km thick) 

• The inner core, made of solid iron and 
nickel (~1300 km radius).  

 
The earth’s structure can also be classified by its physical rather than its chemical 
properties. The uppermost layer of the earth is composed of a series of rigid 
plates, known collectively as the lithosphere.  It incorporates the crust as well 
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as the upper part of the mantle, and is about 100 km thick.  The rigid lithosphere 
floats on top of the more plastic part of the upper mantle, known as the 
asthenosphere, a layer approximately 700 km thick.  Finally, at a depth of 
about 800 km below the Earth’s surface, the mantle’s density sharply increases, 
marking the division between the upper and lower mantle.  That division marks 
the start of the mesosphere. 
 
Water molecules were emitted during volcanic eruptions and in meteor impacts.  
It condensed as the Earth cooled and gathered in low-lying areas to form oceans 
and lakes.  The water layer on the surface of the earth is known as the 
hydrosphere.   
 
Surrounding our planet is a layer of gasses known as the atmosphere.  The 
earliest atmosphere was formed from volcanic eruptions (such as water vapour, 
carbon dioxide, sulphur dioxide, methane). Later, organisms capable of 
photosynthesis (i.e., algae) consumed carbon dioxide and produced oxygen. 
Many other chemical reactions produced the ozone (O3) and other gases that 
make up our current atmosphere.  
 
The Earth has had a very dynamic past. The continents have moved around and 
many different eras and epochs of organisms have lived and become extinct. We 
will study these aspects of geology in detail over the course of the semester.  
 
Read pg. 13-15 in text, and answer the following questions: 
 

1.  What is a solar nebula? Describe how it forms. 
 
 
 
 
 
 
 
 

2. Define accretion and the role it plays in the formation of planetessimals. 
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3. What processes were necessary for the solar nebula to convert into our 
Sun? 

 
 
 
 
 
 

4. How did Earth’s early composition and density compare to modern Earth? 
 
 
 
 
 
 
 

5. How did Earth’s heating affect the Earth’s composition? 
 
 
 
 
 
 
 

6. What two elements are thought to make up most of the Earth’s core? 
 
 
 
 
 

7. Compare the densities of the core, mantle, and crust.  What do you notice? 
 
 
 
 
 
 
 
 

8. What material is believed to make up most of the mantle? 
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9. Which layer of the mantle makes up most of the Earth’s volume? 
 
 
 
 

10. What is the asthenosphere, and how does it differ from the lower mantle? 
 
 

 
 
 
 
 

11. Describe the Earth’s lithosphere. 
 
 
 
 
 
 

12. What process allows lithospheric plates to move? 
 
 
 
 
 
 

Assignment:  On a separate sheet of paper, complete and label a cross-sectional 
diagram of the Earth with the relative positions of: 

a. The inner core, outer core, mantle and crust. 
b. The atmosphere 
c. The hydrosphere 
d. The lithosphere, asthenosphere, and 

mesosphere. 

Include a brief description of each layer. 
 
Your final diagram should look something like 
this: 
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Surface Features of the Earth 
 
While the earth is often divided into layers based on composition (crust is lighter 
rock, mantle is more dense rock, and the core is iron and nickel), it can also be 
divided into layers based on the behaviour of the rock material.  The outermost 
layer of the planet consists of brittle rock, broken into sections called plates.  
Together, these plates make up the lithosphere, and extend downwards from the 
surface of the earth, incorporating both the crust and the upper mantle. The rigid 
lithosphere floats on top of the more fluid asthenosphere (lower mantle), allowing 
individual plates to move about independently. 
 
Plates are defined by the type of crustal material they contain – thin, oceanic 
crust or thicker continental crust.  Oceanic crust consists of dense basaltic rocks 
high in iron while the continental crust consists of lighter granitic rocks higher in 
silicon.  Although these plates move slowly, over the long time the Earth has 
existed huge distances can be covered as the landmasses move apart and collide 
with each other to form new patterns of land.  About 30% of the crust is 
continental crust, forming the land, the other 70% is oceanic crust, forming the 
ocean basins.   
 
The average elevation on the continents is about 800 m above sea level.  In 
many areas, however, the elevation is much higher than this.  For example, Mt. 
Everest (the highest point on Earth), is 8 848 m above sea level. The top of the 
continental crust may also be below sea level - the shores of the Dead Sea, in the 
Middle East, are 392 m below sea level.   
 
The ocean floor depth averages 4 800 m below sea level.  The ocean is generally 
shallower closer to the continents, and deepest towards the middle of the oceans.  
The deepest point, however (the Marianas Trench found off the coast of Asia), is 
11 022m below sea level. 
 
Chemically, the Earth’s crust is mostly oxygen 
(47%), silicon (28%), aluminum (8%), iron 
(5%) with the balance being a wide selection 
of other elements.   
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Continental Landforms 
 
 
Some of the most important 
features of the land are: 
 

1. Mountains 
Mountains are formed by a variety of processes such as: 
a) Folding and faulting – crumpling and uplift of land as continents get 

pushed against each other (Rocky Mountains, Himalayas) 
b) Pushing up of molten igneous rocks from below (BC Coast Range) 
c) Piling up of volcanic rocks on the surface (Mt. Garibaldi, Mt. Baker) 

 
2. Plains 

These form when there has been no mountain building over a very long 
time period and parts of the continents are worn away by erosion.  They 
can also form when large amounts of sediments are deposited over a long 
time period. 

 
3. Plateaus 

Plateaus are formed by the uplift of large plains, or the buildup of lava flows 
as in the Fraser plateau north of Clinton.  Many plateaus are made of flat 
layers of uplifted sedimentary rock, or volcanic rock.  Others occur when 
highly folded rocks have the tops eroded so that they are now relatively flat 
as is the case with the Interior Plateau of British Columbia. 
 

4. Basins 
These are low areas that are surrounded by mountains.  Examples are the 
area around Prince George (the Fraser Basin), the Nass Basin between the 
Skeena and Hazelton Mountains, and the Straits of Georgia and surrounding 
land (the Georgia Basin). 

 
5. Valleys 

Valleys are cut into the land by streams and rivers to form V-shaped 
valleys, or by glaciers that form U-shaped valleys. 

 
 
  



 14 

Sea Bottom Landforms 
 
Although we cannot see it directly, the bottom of the ocean is as varied as the 
land.  The more important features are listed below, together with brief 
descriptions.  Some will be covered in more detail in later topics. 

 
1. Continental Margin 

 
This is the area bordering a continent.  It is a transition zone from the 
continent to the deep sea floor.  The Continental Margin has three parts – 
the Shelf, the Slope, and the Rise. 
 
a) The Continental Shelf is a very gentle slope down to approximately 

200 m depth.  The edge of the continental shelf is considered to be the 
true boundary of the continent. 
 

b) The Continental Slope leads off from the Shelf, and is somewhat 
steeper.  Around North America it ranges in width from a few kilometres 
to over 300 km, and in depth from 1600 m to 3600 m. 

 
c) The Continental Rise is a very gentle slope from the base of the Slope 

to the deep sea floor.  It is covered in sediment deposits which are 
several kilometres thick.  The rise varies in width from a few kilometres 
to hundreds of kilometres. 
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2. Deep Sea Floor 
 
The deep sea floor is made of relatively flat lava flows.  It contains variable, 
isolated mountains and plateaus. 
 
a) Sea Mounts are isolated mountains on the deep sea floor.  Guyots are 

flat-topped seamounts.  The tops of the original sea mounts are believed 
to have been eroded away when they were above sea level some time 
during their history. 

 
b) Mid-Ocean Ridge is a very large mountain chain down the middle of 

the ocean floor. It is more than 65 000 km long and a few hundred 
kilometres wide.  It ranges from 3000 m to 10 000 m in height from its 
base on the deep sea floor.  The Ridge forms from the build-up of lava 
from the Earth’s mantle. 

 
c) Deep Sea Trenches are found next to continent, such as South 

America, or island chains such as Japan and Indonesia.  The deepest 
goes down more than 11 000 m below sea level.  You will learn more 
about the importance of mid-ocean ridges and deep sea trenches in 
relation to moving continents and mountain building in the Plate 
Tectonics unit. 

 
 
 
Questions: 
 

1. What are the two types of crust, and what is the relative percentage of each 
type? 

 
 
 
 
 

2. List the four most common chemical elements found in the crust from 
greatest to smallest percentages. 
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3. Describe three ways mountains can form. 
 
 
 
 
 
 
 
 
 

4. Differentiate between: 
a. A plain and a plateau 

 
 
 
 

b. A basin and a valley 
 
 
 
 
 

c. The continental shelf and the continental slope 
 
 
 
 
 

5. Sketch a diagram of a continental margin and label the shelf, slope and 
rise. 

 
 
 
 
 
 
 
 

6. Describe the mid-ocean ridge. 
 
 
 
 
 

7. What is a guyot, and how does it form? 
 



 17 

Continental and Oceanic Landforms   
The ocean floor has an average depth of 4 km, or 13000 ft - but a lot of the ocean is deeper or shallower 
than that. In fact, the sea floor varies quite a bit in depth, with topographic features analogous to 
mountains and valleys on land. 
 
Around most continents are shallow seas that cover gently sloping areas called continental shelves. These 
reach depths of about 200 m. The continental shelves end at the steeper continental slopes, which lead 
down to the deepest parts of the ocean. 

Beyond the continental slope is the abyss, where the depth falls to somewhere between 3 and 5 km. The 
abyss consists of flat regions called abyssal plains, which are interrupted with hills and mountains called 
seamounts.   
 
Seamounts form where sediment has built up or submarine volcanoes exist.  Some sea mounts are isolated, 
while others appear in chains called volcanic island arcs.  Some sea mounts, called guyots, are extinct 
volcanoes with flat tops.  Scientists think that these underwater mountains were once mountains, but 
their tops were worn away by waves. 
 
Far out in the middle of the oceans, there is a belt of elevated floor called the "mid-oceanic ridge." The 
depth here is between 2 and 4 km (6500 and 13000 ft). 
 
The deepest parts of the ocean are deep-sea trenches, which are elongated trenches that run along the 
edge of certain continental shelves. The depth here can be from 5 to 12 km. 

The figure above shows features of the ocean floor.  Identify each feature by 
writing the correct letter in the spaces provided. 
 
Abyss   ____   Guyot   ____ 
Abyssal Plain  ____   Mid Ocean Ridge ____ 
Continent  ____   Ocean trench ____ 
Continental Shelf ____   Seamount  ____ 
Continental Slope ____   Volcanic Island Arc____ 
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Add the correct number to each of the landforms and waterways shown above: 
 

1.  Beach  2.  Delta  3.  Island  4.  Glacier 
5.   Lake  6.  Mountains 7.  Ocean  8.  Peninsula 
9.   Plain  10. Plateau  11.  River  12.  Valley 
13.  Volcano 

 
1. True or False: 
 
______ 1.  Only our planet has a lot of water. 
______ 2.  The earth’s water layer is called the atmosphere. 
 ______ 3.  Plains are formed by the uplift of plateaus. 
______ 4.  The continental shelf has a gentle slant. 
______ 5.  The continental slope has a gentle slant. 
______ 6.  Mountains may be formed from molten rock pushing up from below. 
______ 7.  The deep sea floor starts at the beginning of the continental shelf. 
______ 8.  A mid-ocean ridge is a high place on the ocean floor. 
______ 9.  The Straits of Georgia are an example of a basin. 
______ 10.  V-shaped valleys are formed when glaciers move down a mountain. 
 



 19 

SURFACE FEATURES OF THE EARTH  
In this activity, you will find the location of various types of landforms, and then mark 
these landforms on an outline map of the World using pencil crayons.  As well as your 
textbook and the internet, you can refer to other maps posted around the room.  Label 
all features neatly and clearly. To prevent your map from becoming too cluttered, 
label each feature by its letter/number code.  For example, label the Rocky 
Mountains as A1. You will need to put a 'Key' along the bottom of your map.  

NOTE: -This map will be needed for later parts of the course.  

A. In BROWN, mark the following major Mountain Ranges: -  

1. The Rocky Mountains   6.  The Caucasus Mountains 
2. The BC Coast Range   7.  The Ural Mountains 
3. The Appalachian Mountains  8.  The Himilayas 
4. The Andes     9.  The Great Dividing Range 
5. The Alps 

 

B. With a PENCIL CROSS, mark the following prominent Mountains. On the back of the 
map, list the elevation (in metres) of each.  

1. Aconcagua   5. Mt. Everest  9.  Mt. Logan 
2. El'brus   6. Mt. Jaya   10.  Mt. McKinley 
3. Kilimanjaro   7. Mt. Koscuisko  11.  Mt. Robson 
4. Mont Blanc   8. Mt. Cook 

 

C. In GREEN, mark the following Plains, Plateaus and Basins: -  

1.  The Great Plains of North America 7.  North European Plain 
2.  Great Lakes Basin    8.  Central Siberian Plateau 
3.  Amazon Basin    9.  West Siberian Plain 
4.  Brazilian Highlands   10. Tibetan Plateau 
5.  Argentine Pampas    11.  Lake Eyre Basin 
6.  Congo Basin 

  

D. Use a small RED TRIANGLE, mark the following Volcanoes: 

1. Mt. Baker   5.  Cotopaxi   9.   Mt. Ruapehu 
2. Mt. St. Helens  6.  Aconcagua  10.  Mauna Loa 
3. Mt. Lassen   7.  Mt. Fuji   11.  Mt. Vesuvius 
4. Popocatapetl   8.  Krakatau   12.  Hekla 
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E. Use a BLUE LINE to mark the following Ocean Ridges. These ocean ridges should all 
connect to make one continuous Ridge system. Label the following sections: 

1. Juan de Fuca Ridge    7. Pacific-Antarctic Ridge 
2. Mid-Atlantic Ridge    8. East Pacific Ridge/Rise 
3. Southwest Indian Ridge   9. Chile Rise 
4. Central Indian Ridge   10.  Nasca Ridge 
5. Southeast Indian Ridge   11.  Cocos Ridge 
6. Indian-Antarctic Ridge 

   

Using a RED LINE mark the following Deep Ocean Trenches: -  

1. Puerto Rico Trench    6. Bonin-Marianas-Yap Trenches 
2. Peru-Chile Trench    7. Tonga-Kermadoc Trench 
3. Aleutian Trench    8. Java Trench 
4. Kuril Trench     9. Philippine Trench 
5. Japan Trench 

 

QUESTIONS:  Attach a sheet to the back of your map, answering the following questions 
in full sentences.  

1. What is the ratio of water to land on the Earth's surface? 
 

2. On average, how many times deeper is the deep ocean floor below sea level than 
continents are above sea level? 
 

3. What is the highest point of land on Earth? Name of the feature, together with the 
elevation in metres.  
 

4. What is the lowest point of land on Earth?  Name of the feature, together with the 
elevation in metres. 
 

5. What is the deepest ocean trench?  What is its depth?  

 
 
 


