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Using This Worktext

This worktext is designed to increase your understanding of the content and skill requirements of your environmental science
course, and reinforce and extend the ideas developed by your teacher. The information on the next few pages will help you
navigate the content and utilize the features of the worktext. Environmental Science is divided into four sections, and each section
begins with a concept map. The structure of a section is provided below.

Structure of a Section and Chapter

Section concept map Did You Get It?
A concept map begins each An assessment task allowing you
section and provides an to demonstrate your knowledge
overview of content. of the chapter’s content.
Section focus Chapter introduction

A graphical double page spread
highlights key ideas in the section.

Short statements summarize what you
need to know for each chapter.

Activity Pages Activity Pages

Most activities have questions for you to answer.
This allows you to form a record of work and
demonstrate your understanding of the content.

Section concept map Assessment: did you get it?
The concept maps - n A— Each chapter has an
divide the worktext in B e e end of chapter test.

four sections:
It allows you

to test your
understanding of
the content covered.

) Earth’s Systems
) The Living World
) Global Resources
) Global Change

They provide an
overview or big
picture approach to
what you will cover
in the course.




Chapter introductions

The chapter introductions contain useful information to help you navigate through the course and identify the learning outcomes
(what you need to know). Use the information provided to help you learn vocabulary, identify key concepts and learning outcomes,
and quickly navigate to supporting resources on BIOZONE's Resource Hub. The key features are explained below.

The section of the worktext QR codes and bitly tags allow you to quickly
you are in is identified for navigate to helpful content (e.g. videos and
easy navigation. models) on BIOZONE’s Resource Hub.

Chapter number
and chapter title

Resource Hub
are identified for The Earth’s Systems ﬁ reiecy

quick navigation.

Chapter 1

Key concepts

These are the
important key ideas
for the chapter. Make
sure you understand
the concepts
summarized here.

sutteronen
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Key terms
Important vocabulary
you should understand
and use in your
course. Definitions

are provided in the
glossary at the back
of the book.

core
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Learning outcomes
These provide a point
by point summary

of what you need to
know or do by the
end of the chapter.

T Bl ) et ve dateg [

ertigk

Cormmrgene
rore

) 7 Descrite nom Larivs shmoapners s ChRnged over tame 8% Meapeet 3
srpe tnetre of [ w1 hato ) oeing e deessoceent of it Srme

s T e e W ahre of P e :

. Icsphen

Gan

3 & Gaplen how Gests eveen 4

. Pt

5 aphein how e motion

. metamenshe

Check boxes

Use the check boxes
to keep a record of
which activities you
need to complete and
tick them off as you
work through them.
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o plate boundey
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. plate tectonics
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Activity numbers
The activity number
for each learning
outcome is identified.

Dwicrtm e dMwrances bet asen ko trjwes of vok 270

O R e e

Structure of the activity pages

Activities make up most of the worktext. Be sure to interact with all the elements on the page so you don’t miss any valuable
information. As you work through the material, answer the questions and complete the tasks provided. Inputting your answers will
form a record of work which helps to consolidate your understanding. It can also be used for revision at a later date.

Activity number:
Key Idea: ¢ ldentifies the activity
This provides a focus for === s« wwenew  NUMber to help you navigate 1
the activity and can be e fore «+ between activities. o e |

used as a summary take-
home point of the activity.

Introductory paragraph:
This provides background
or introductory information
to the topic.

More information about

the topic is provided

through explanatory text, =]
images, diagrams, case

studies, and data.

Yellow QR codes:
These provide a

quick link to
interactive 3D models.

Blue QR codes:
These link to live
data sets.

N A e = Activity based questions:
®—— Answering the questions
helps reinforce your

Tab system:

The tabs provide information i
about which section you are - e e - learning. Use your answers
in and if support material is oo . reviev.v i Ae—
available on the BIOZONE ther assessments
Resource Hub. ___.aﬂ —E 0 :

vii



viii

The glossary: Helping you build your science vocabulary

Building your environmental sciences vocabulary is important to help you understand ideas and communicate information about
what you know. Your BIOZONE worktext has several tools to help you with this. They are explained below.

Chapter 1

The Earth’s Systems

Key terms: chapter introduction

Each chapter introduction has a list of
key terms. These are important words
and they are defined in the glossary at
the back of the book. Try to use these
terms as you communicate with your
classmates and teacher.

m Nuclear Power

[ T —— e L
nnnnnn Dot wh satety

N s e s - Key terms are

gy gty bl WX of T

w identified in blue bold
T weeses o the first time they

» mumber of mactor dwsiges. N

Son st e s - OCCUT iN @n activity.

Key terms: activities

You may see that some words in an
activity are written in blue bold. This
is because they are key terms. If you
are unsure of their meaning, they are
defined in the glossary at the back of
the book.

Science practices: help with basic skills

Glossary

A glossary of key terms is located at
the back of this Environmental Science
worktext. Use the glossary to find
definitions for key terms and improve
your understanding of what the

terms mean.

The last chapter in this worktext provides information and support to help you with some basic skills you will encounter in your
environmental science course. It will help you with graphing, doing simple calculations (e.g. calculating mean, median, and mode,
and rates) and conversions between units. Your teacher may ask you to do certain science practice activities, but you can refer to
the chapter at any time if you need help with math skills.

——

m Poputation Growth Curves

9]

Need help?

See Activity 223 A

.

Science Practices

Some activities have a “Need help?” icon on
the page. This icon lets you know that there

is support for a math skill in the Science
Practices chapter. For example, if you need
help with deciding which graph to draw.




Using BIOZONE's Resource Hub

) Most of the activities have interesting resources, such as videos and 3D models, to help you understand
the content. A grey tab (right) on the activity page indicates there is support on the BIOZONE Resource
Hub for the activity. C&%O
) Navigate to the Resource Hub either by bookmarking the link below, or by utilizing the bitly tag or QR code
found on each chapter introduction (below, right).

" oo WWW.BIOZONEhub.com

Resource Hub

Step 2: !Enter this code
dispiyen ENS4-4092

Step 3: Bookmark
this page.

bit.ly/3LhnHRm

Use this bitly tag
or QR code to
directly access
the BIOZONE
Resource Hub.

Using the QR codes on activity pages

Some activities have QR codes on the pages (below). These link directly to informative and engaging 3D models or to
live data sets. If your school does not let you use your phone in class, you can still access the models
and data sets through the Resource Hub. Follow the steps above to access the resources.

Yellow QR codes on the pages (circled, below), link Blue QR codes on the pages (circled, below), link directly
directly to informative and engaging 3D models. All to live data sets that are updated regularly, providing
models can be rotated and zoomed, and some contain up-to-date data for some rapidly changing areas of
informative notes. environmental science.

Plate Boundaries
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The Earth’s Systems The Living World

Geological « Age of the Earth « Biomes and ecosystems

systems e The Earth’s surface Ecosystems * Energy flow

« Plate tectonics « Species interactions

The « The atmosphere Natural « Biogeochemical cycles
atmosphere « Atmospheric circulation ecosystem « Ecosystem stability

« Weather and climate | change
e + Oceanic water « Features of populations
resources * Fresh water Populations « Population growth

« Sampling populations
« Abiotic factors
« Classification

Rocks and * Rocks and minerals Investigating
¢ Soil dynamics ecosystems

soil

The resources used by Complex systems arise
humans are a result of as aresult of
constantly changing the interactions

global systems. between organisms

and their environment.

Environmental Science

All of the Earth’s systems are connected.
Changes in one system may cause changes
in other systems.

Environmental science is an interdisciplinary field of
study involving both natural and social sciences.

Resources must be Understanding
carefully managed environmental

to ensure they systems is critical to
are available to understanding the
future generations. environmental effects

of human activities.

X o Air pollution
o Agriculture

« Water pollution
SEEL . ¢ Land management Types,.of P )
production pollution » Ozone depletion
. . « Treating pollution
) ¢ Fisheries
Earth's rriati Impacts and « Impacts of pollution
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* Energy o Loss of biodiversity
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sources « Renewable energy biodiversity

« Energy conservation « Climate change science
Energy Climate « Tipping points
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Geological Systems

The age of
the Earth

The Earth’s
surface

Plate
tectonics

Oceanic
water

Freshwater

Global Water Resources

Measuring geological history
Using stratigraphy
Fossil formation and significance

Location and cause of
earthquakes

Volcanoes and volcanism

Fault formation and movements

Plate boundaries and movement
Sea floor spreading and
subduction zones

Movement of the mantle

The study of
rocks provides
information about
past and present
geological events.

The Atmosphere

« Gaseous components of air
The « Layers of the atmosphere
atmosphere « Interactions of
atmospheric layers

o Tricellular model
Atmospheric « Effects on climate
circulation « The Coriolis effect

« El Niflo-Southern Oscillation

« Warm fronts and cold fronts

Weather « Cyclones and hurricanes

Movement of the
atmosphere creates
global and local
weather patterns.

Earth Systems

The Earth’s dynamic surface is a result of plate
tectonics and weathering.

Changes and variations in the Earth’s surface give
rise to resources that can be exploited by humans for

agricultural, industrial, and domestic uses.

VSYN

Only a tiny
proportion of the
Earth’s water is
accessible for
human use.

Surface movements
Thermohaline circulation
Coriolis effect

Extent and location

Soils are a complex
mix of weathered
rock and organic
matter determined by
geology and climate.

« Therock cycle

Rocks and -
. « Rock types and significance
minerals . )
* Weathering and erosion
« Features of aloam
. « Formation and features of
Soil -
dvnamics horizons
vy « Climatic influences on soil
formation

Rocks and Soil



The Himalayas are a broad band of mountains forming a boundary
between the Indian subcontinent to the South and the Tibetan
plateau to the North. In geological terms, they are young -
mountains, having begun forming around 50 million years ago. The .

collision between two tectonic plates on which they sitcontinues \:;._ .
e

to shape them today as one plate pushes against the other’Sisas P 4, -
Earthquakes are also relatively frequent in this seismically active e ML -
area of Earth. There are more than 100 peaks exceeding 7,200 m in -
elevation, including Mount Everest (8,848.86 m). Mount Everest’s

height places its peak in the upper troposphere where it is exposed

to the jet stream, with winds reaching 160 km/h.

The Compaosition of g giant

Mt Ev i i
erest itself is composed of limestone, marble and

€ sediments lajg down around 500 million

ocks contain marine fossils, including
opods, Ostracods, and crinoids. Beneath
of limestone, the

mountain building transforme

found in the ‘vellow band: sho

Pressure exerteq by
d limestone into marble
wn left,




-

nin the world
as installed on
hest weather

weather statio

In May 2022, weather station W
n ,

sta i . g
N". Ee‘e lSSlOIH \tis the‘“ |

can dlop to ’40 C. Becaus he pea Slts n u e

lets“ea"l ““ld Speeds aleco"l"lo“‘ over IDD

1

km h a“d \N“‘d gUStS Of over 250 k"lh have been
l 1

i 1o is snow
ded there The plume on this phc:‘ 0
r . . ! !
rec: ice plasted off the summit by hig
an

Highest

Metamorphosis

The Himalayas illustrate various parts

of the cycling of Earth's rocks. Pressure
Created during uplift of the mountains has
Mmetamorphosed limestones into marble
and sandstone, and mudstones into '
schist. The mountains undergo constant
erosion via glaciers ang Weathering but,

overall, are rising faster than they are
being eroded.

Q Take a Deeper Look

» What geological processes build mountains?

) What reasons might there be for the Himalayas being, on average, so much higher than other
mountains ranges around the world?

) What evidence is there for the age of the rocks that make up Mount Everest and the Himalayas?




Chapter 1

Earth Systems

[*] Resource Hub

The Earth’s Systems ad

Key Terms

asthenosphere

atmosphere

convergent boundary

core
Coriolis effect
crust

divergent boundary
ENSO

fault

horizon (soil)
igneous

intertropical
convergence
zone

lithosphere
loam

mantle
metamorphic
plate boundary
plate tectonics
radiometric dating
rock cycle
sedimentary
shield volcano
soll
strato-volcano

thermohaline
circulation

transform boundary

tricellular model

Earthquakes, volcanoes, and plate tectonics can all be linked to
movement of the Earth’s mantle.

The components of soil depend upon the climate, rock type, and particle size.

Interactions between the Earth’s surface, rotation, and the Sun drive
atmospheric circulation.

Only a small percentage of the Earth’s water is accessible for human use.

~
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Activity
Number

Learning Outcomes:

O

(m]

1

2

Describe the difference between radiometric and relative dating.

Describe how Earth’s atmosphere has changed over time and interpret a
simple timeline of Earth’s history showing the development of life forms.

Describe the internal structure of the Earth.

Explain how fossils develop.

Explain how the motion of Earth in its orbit influences the planet’s climate.
Describe the difference between Earth’s oceanic and continental crust and
define the terms tectonic plate, and transform, divergent and convergent
boundary.

Explain how movement in the asthenosphere drives movement of tectonic
plates. Describe how earthquakes are generated. Define continental drift
with reference to evidence for previous joining of current continents.

Describe the differences between four types of volcano.

Explain the differences between S and P waves resulting from earthquakes.

Describe the rock cycle with reference to igneous, metamorphic and
sedimentary rocks. Explain the difference between rocks and minerals.

Explain how the size of soil particles influences the type of loam formed.

Describe how climate and local conditions affect soil development.

Describe the composition of the Earth’s atmosphere.

Describe how the Sun affects the atmosphere’s circulation with reference
to the tricellular model. Describe the Coriolis effect and how it influences
Earth’s weather systems.

Explain how the El Nifio Southern Oscillation develops and its effect on
weather patterns in named regions of the world.

Describe the nature and extent of the Earth’s freshwater and
salt water resources.

Describe the nature and extent of the Earth’s oceans, including reference to
deepwater and surface circulation.




n Dating the Earth

Key Idea: The Earth can be dated accurately using
radiometric dating. Relative dating uses the layering of rocks
to age events relative to each other.

One of the most accurate ways of dating the Earth is
radiometric dating. Many of the heavier elements, e.g.
uranium and thorium, decay over time; their atoms break
apart into smaller atoms. The rate of decay depends only on
the original element’s isotope, e.g. uranium-238 or uranium-
235. For uranium-238, it takes 4.468 billion years for half
the sample to decay into lead-206 (called the half-life). For
uranium-235 (which decays into lead-207) the half-life is

Radiometric dating

The very oldest material dated on Earth is a zircon
crystal found in a metamorphosed sandstone from
Western Australia. It is dated to 4.4 billion years
old, just a hundred million years after the Earth
formed. Due to Earth’s dynamic history, minerals
older than this are unlikely to be found. However,
other bodies in the solar system have remained
essentially unchanged since its formation. Dating
them can therefore tell us the age of the solar
system, and how long ago Earth first formed.

Gunnar Ries CC 2.5

Unstable atoms, e.g. uranium, change into stable atoms, e.g.
lead, following a long but predictable decay series involving
many radioactive elements.

Relative dating

Relative dating establishes the sequential
(relative) order of past events in a rock profile, but
it cannot provide an absolute date for an event.
Each rock layer (stratum) is unique in terms of the -~
type of rock (sedimentary or volcanic) and the " 5‘
type of fossils it contains. By building up an index

of fossils and the rocks they are found in, it is
possible to determine the order of rock layers and
events even at sites very distant from each other.

SEM image of a zircon crystal
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e

Limestone layers in Jurassic rocks

700 million years. The ratios of uranium-238 to lead-206 and
uranium-235 to lead-207 in a sample can therefore be used
to determine the time since the sample formed. Relative
dating uses the law of superposition, which states that the
deeper layers or rock at a site will be older than the layers
above it. Therefore objects, e.g. fossils, in deeper layers will
be older than objects in shallower layers. Thus the order of
events and relative age of rock layers (strata), even at sites
that are distant from each other, can be determined by
studying the content of the layers. Incursions of layers that
can be radiometrically dated can help give ages to the layers.

VSVYN

The Jack Hills formation (Australia), where the
oldest minerals on Earth have been found

Zircons are crystals containing the elements zirconium, silicon,
and oxygen, with the formula ZrSiO,. They form when molten
rock cools. Zircons also contain traces of uranium when they
form and can therefore be dated radiometrically. Uranium has

a similar electron structure to zirconium and so sometime gets
incorporated into the zircon crystal structure, but lead does not.
The uranium decays over time to lead. Therefore the ratio of
U-238 to Pb-206 and U-235 to Pb-207 can tell us how long ago
the crystal formed.
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Fossils in rock layers, Japan

1. Outline the differences between radiometric and relative dating:

2. Potassium-argon dating is a commonly used radiometric dating technique. Potassium-40 decays into calcium 89% of
the time and argon about 11% of the time and has a half-life of 1.26 billion years. Argon is inert and so is not contained
in most minerals. Its mass in minerals is therefore related to the decay of potassium.

A mineral was found with the following ratio of atoms: potassium-40: 50 atoms, calcium: 45 atoms, argon: 5 atoms

(a) How many half-lives have passed since the mineral formed?

(b) How old is the mineral?
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The Earth’s History

Keyldea: The Earthis 4.54 billion years old and has undergone
continual change over that time.

The Earth, along with the rest of the solar system, formed
about 4.5 billion years ago. During the very early stages of its
formation, the Earth grew by accretion of rocks, ice, and dust
from the solar nebula. Very soon after this initial formation, a
collision with a smaller protoplanet formed the Moon. Cooling
of the surface and formation of the oceans ended about 4
billion years ago (end of the Hadean eon). Life appeared very
soon after this, with evidence of the earliest life appearing

The Earth formed
from the accretion of
rocks, ice and dust.
Millions of
years ago
4500

4000

3500

3000 2500

at around 3.5 billion years ago. The evolution of oxygen
producing photosynthetic organisms modified the early
atmosphere. Initially composed of mostly nitrogen, methane,
ammonia, and hydrogen, it changed to one of mostly
nitrogen and oxygen over the course of a billion years (the
Great Oxidation Event). The supercontinent Rodinia broke up
around 800 million years ago (mya), with the supercontinent
Pangea then forming about 300 mya. This broke up about
180 mya, forming Laurasia and Gondwana, which themselves
eventually broke up into the continents we know today.

It is believed that much of Earth’s
water was delivered by comets and icy
asteroid impacts. The latest evidence
also indicates that the hydrogen within
the Earth also played a large role in the
formation of Earth’s water.

Life appeared within a billion years of the
formation of the Earth, and within 500
million years of the Earth cooling.

2000 1500 1000 500 0

Eon Hadean Archean Proterozoic Phanerozoic
I
Formation  Origin of life Huronian First multicellular Cryogenian
of the Earth First photosynthetic glaciation organisms glaciation
organisms Build up of oxygen in First eukaryotes
atmosphere (the Great
Oxidation Event)

Holocene . . e

Pleistocene Evolution of grasses Diversification of mammals

Pliocene l l

Miocene

Neogene

Aeulayenp

Oligocene

Eocene

Paleogene

Cenozoic

Phanerozoic

Modern

humans

Human ancestors evolved about 3
million years ago, with anatomically
modern humans appearing about
300,000 years ago. Humans now
dominate the globe, with almost
every aspect of our society affecting
the environment in some way.

Millions of
years ago

40

After the extinction of the
dinosaurs, the mammals
rapidly evolved to take
their place and fill the
many vacant niches.

1. Modern humans evolved about 300,000 years ago. How much is this as a percentage of the age of the Earth?

2. What caused the formation of the Moon?

ES
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Relationship of life and Earth

The Earth has been through numerous climatic episodes and changes in its dominant life forms. These leave traces in the rock
layers, many of which are the basis for the division of Earth’s history into the different eons, eras, and periods shown below. The
evolution of Earth’s climate and its life are interrelated. Evidence shows that the Earth has been through periods called ‘Snowball
Earths’ in which most of the Earth’s surface was covered by ice. It is thought that the first of these, the Huronian glaciation, may
have been in part caused by the loss of atmospheric methane, a potent greenhouse gas, when it reacted with the oxygen being
produced by the newly evolved oxygenic photosynthetic cells. This snowball Earth may have triggered the evolution of multicellular
life. A second snowball event, the Cryogenian glaciation, may have occurred just prior to the Cambrian period.

Life remained relatively simple until
about 540 mya and the beginning
of the Cambrian period. During this
period, there was a rapid increase
in the complexity of multicellular life
(called the Cambrian explosion).

Fish evolved about 530
mya. Arthropods colonized
the land as early as

530 mya. Land plants
appeared 500 mya. The
first amphibians colonized
the land at the end of the
Devonian period.

At the end of the Permian period,
a mass extinction event often
called ‘the Great Dying’ occurred
in which 57% of all known
biological families became extinct.

Phanerozoic This included approximately 80%

= of marine species and 70% of

—»Era Paleozoic terrestrial vertebrate species.

Millions of 500 400
years ago

[Z=Nlelel  Cambrian Ordovician Silurian Devonian

]

Firstland First land amphibians
animals plants

300

The first dinosaurs
appeared 240 mya at the
beginning of the Triassic
period. As a group, they
dominated the land for
175 million years, evolving
the largest land animals to
ever exist.

First reptiles

Dinosaurs
Extinction of

dinosaurs First birds First mammals

First flowering \
plants W

Cretaceous

Jurassic

Cenozoic Mesozoic

During the Jurassic, a group of theropod
dinosaurs evolved feathers, with their

A collision between the Earth and descendents evolving into the birds. The first
a large asteroid marks the end of mammals appeared at the beginning of the
the Cretaceous. The event caused Jurassic period.

a mass extinction which saw the
extinction all non-avian dinosaurs and
the large marine and flying reptiles.

3. When did life first appear on Earth?

4. What caused the change from Earth’s early, low oxygen atmosphere to its modern high oxygen atmosphere?
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8 u Structure of the Earth

Key Idea: The Earth has several distinct layers, each with its  the core has a density of about 12 g/cm3. Movement of
own specific properties. convection currents in the mantle shifts the plates of the
The Earth is layered due to the density of different materials  Earth’s crust, while movement of the outer core produces the
in it. The Earth’s crust has a density of about 3 g/cm3 and  Earth’s magnetic field.

Upper mantle: . Crust:

Solid layer about 400 km thick, with a Between 5 and 70 km thick.
transition layer between the upper and Density ~3 g/cm3. Divided into
lower mantle of around 300 km. The approximately 16 large plates.
temperature reaches about 1000°C.

Lower mantle:
Approximately 2000 km thick, extending
to 2900 km below the surface. Like the

upper mantle, it is solid but behaves like
a viscous liquid, with convection currents
slowly moving the mantle about.

Inner core:

Solid. The temperature at the core
is about 4700°C. The core is made
of mostly iron and nickel and is
about 1200 km in diameter.

Outer core:

Liquid. The movement of the outer core
produces Earth's magnetic field. Made
mostly of iron and nickel, the outer core
is 2200 km thick and reaches 4000°C.

OO
- 210]

VSVN

Evidence for the Earth's structure comes The Earth's magnetic field also indicates The Earth is geologically active due to
from many different sources. One is the the outer core is liquid and surrounds a the residual heat from its formation. This
timing of seismic waves produced by solid, iron/nickel inner core. Evidence from heat causes mantle movements which
earthquakes. Evidence from these waves magnetic minerals shows the magnetic field move the crustal plates about, resulting in
shows that the outer core must be liquid. reverses polarity every few million years. earthquakes and mountain building.

1. What causes the Earth to have different internal layers?

2. ldentify whether each of the following is liquid or solid:

(a) Mantle: (b) Outer core: (c) Inner core:

3. What produces the Earth's magnetic field?

©2025 BIOZONE International

o @ ISBN: 978-1-99-101409-2
Photocopying prohibited




n Fossil Formation

Key Idea: Fossils are the remains of long-dead organisms that
have escaped decay and have, after many years, become
part of the Earth’s crust.

A fossil may be the preserved remains of the organism itself,
the impression of it in the sediment (a mold), or marks made
by it during its lifetime (trace fossils). For fossilization to occur,
rapid burial of the organism is required, usually in water-
borne sediment. This is followed by chemical alteration,
whereby minerals are added or removed. Fossilization

After death, the flesh may rot or
be scavenged, but hard materials,
usually bones and teeth, are able
to remain long enough for burial.

Erosion of the sediments exposes
the fossils on the surface.

requires the normal processes of decay to be permanently
stopped. This can occur if the organism's remains are
isolated from the air or water and decomposing microbes
are prevented from breaking them down. Fossils provide a
record of the appearance and extinction of organisms, from
species to whole taxonomic groups. Once this record is
calibrated against a time scale by use of a broad range of
dating techniques, it is possible to build up a picture of the
evolutionary changes that have taken place.

Fossilization occurs best when an organism dies in a place where sediment can
be laid down relatively quickly. This is often an aquatic environment, e.g. an
estuary, but it can be caused by rapid burial, e.g. by a landslide or volcanic ash.

After burial, the bones are
subjected to pressure. Minerals
in the surrounding sediments
move into the bones and

A fossil may be the preserved remains of the organism itself (as in the shells below, left), the impression of it in the sediment (a
mold and compression-impression fossils), or marks made by it during its lifetime (trace fossils).

Fl
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Fossil shells: The fossil record is biased
towards organisms with hard parts. Shells
fossilize more easily than soft tissues.

1. Describe how a fossil forms:

Compression fossil: This fern frond shows
traces of carbon and wax from the original
plant, Carboniferous (USA).

Trace fossil: A dinosaur footprint in Lower
Jurassic rock, SW Utah.

2. Explain why the rapid burial of an organism is important in the formation of fossils:
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Sedimentary rock profile

This diagram represents a cutting through layers of sedimentary
rock in which fossils are exposed. Fossils are the remains or
impressions of plants or animals that become trapped in the
sediments after death. Layers of sedimentary rock are arranged
in the order by which they were deposited, with the most recent
layers near the surface (unless they have been disturbed).

Ground surface

Youngest
sediments

Recent fossils are found in
more recent sediments
The more recent the

layer of rock, the more
resemblance there is
between the fossils found
in it and living forms.

Many extinct species
The number of extinct
species is far greater

A case study in the fossil record

The evolution of many present-day species can be

very well reconstructed. African and Asian elephants
have descended from a diverse group known as
proboscideans (named for their long trunks). The first,
pig-sized, trunkless members of this group lived in Africa
40 million years ago. From Africa, their descendants
invaded all continents except Antarctica and Australia.
As the group evolved, they became larger: an effective
evolutionary response to deter predators. Examples of
extinct members of this group are illustrated below.

Columbian mammoth
Pleistocene, Costa Rica to
northern US. Range overlap
with woolly mammoths in
the North.

than the number of
species living today.

~4 m at the shoulder

Fossil types differ in
each stratum
Fossils in any given

layer of sedimentary Deinotherium
rock are generally quite Miocene-Pleistocene,
different from fossils in Asia, Africa

other layers. ~4 m at the shoulder

More primitive fossils are
found in older sediments
Phyla are represented by
more generalized forms in
the older layers, and not by
specialized forms (such as
those alive today).

Oldest Gomphotherium
sediments Miocene,

Europe, Africa

~ 3 m at the shoulder

New fossil types mark changes in the environment. In the
rocks marking the end of one geological period, it is common
to find new fossil that become dominant in the next. Each
geological time period had an environment very different from
those before and after. The boundaries of these coincided with
considerable environmental change and the creation of new
niches. These produced new selection pressures and resulted
in diversification of surviving genera.

Platybelodon

One of several genera of
shovel-tuskers. Middle Miocene,
Northern Asia, Europe, Africa

~3 m at the shoulder

3. Explain why the fossil record is biased towards marine organisms with hard parts:

4. Fossils tell us much about the organisms that lived in the past. Suggest what other information they might provide:

5. Discuss the use of fossils as indicators of environmental change:
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u Earth and Sun Cycles

Key Idea: The movement of the Earth and Moon around the
Sun influence many climate systems.

Of all celestial bodies, the Sun has the greatest influence
on the Earth, affecting its movements, determining the day-
night and seasonal cycles, driving climatic systems and
longer term climate cycles, and providing the energy for
most life on the planet. The Sun also plays a part in tidal
movement on Earth, modifying the effect of the Moon to
produce monthly variations in the tidal range. The Sun
emits various types of radiation but most is absorbed

high in the Earth’s atmosphere. Only visible light, some
infra-red radiation, and some ultraviolet light reach the
surface in significant amounts. Visible light is pivotal to the
producer base of Earth’s biological systems but infra-red is
also important because it heats the atmosphere, oceans,
and land. The intensity of solar radiation is not uniform
around the Earth and this uneven heating effect, together
with the Earth’s rotation, produce the global patterns of
wind and ocean circulation that profoundly influence the
Earth’s climate.

The motions of the Earth, Moon, and Sun result in complex and

Solar Year

The Earth has orbited the sun in a regular
cycle for the last 4.5 billion years, since the
formation of the solar system. The journey
around the sun takes 365.25 days.

Northern
hemisphere
winter solstice

Southern
hemisphere
summer solstice

Lunar Month

The time between successive full moons is
29.5 days. This is slightly different from the
Moon's orbit around the Earth, which is once
every 27.3 days. Because the Moon spins on its
own axis once every 27.3 days, the same side
of the Moon always faces the Earth.

1. (a) The solar year is based on:

The Earth spins on its axis
once every 23 h 56 min 4.09
s (called one sidereal day).

interdependent cycles. These create environmental changes that range
from short term (just a few hours) to long term (many hundreds of days).
The tidal cycle is not shown on this diagram, but involves the gravitational
pull of the Moon as well as centrifugal forces on the oceans.

Northern
hemisphere
summer solstice

Southern
hemisphere
winter solstice

Earth Day Earth's Axis

The Earth does not spin
upright; it has a 23.5° tilt. This
tilt always faces the same way,
resulting in seasonal changes
in sunlight and weather.

(b) The seasons experienced on Earth are caused by:

(c) The time for the Earth to complete one rotation on its axis is:

(d) The movement of the Earth’s atmosphere is due to:

2. (a) Explain why tropical regions receive a greater input of solar radiation than the poles:

(b) Describe the consequences of this to the Earth’s climate:
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Long term orbital cycles

) Earthis not stable in space. It is affected by the gravity of the Sun, the planets, and the Moon. These influences affect the tilt
of the Earth's axis and the shape of its orbit. The changes in orbit and tilt can combine to cause extreme changes in the Earth's
climate, e.g. producing ice ages. The Earth experiences three main orbital and rotational cycles:

Axial tilt (obliquity)

Relative to its orbital axis, the Earth's rotational axis is at an
angle of about 23.4°. This angle is responsible for seasonal
changes. The angle is not constant. It varies between 22.1° and
24.5° over a period of ~41,000 years. The greater the degree
of tilting, the greater the difference between the summer and
winter seasons. There is great variation in the axial tilt of the
planets in the solar system.

221°

Planet Axial tilt Planet Axial tilt

Mercury 0.1° Jupiter 3°

Venus 177° Saturn 27°

Earth 23.4° Uranus 98° Axis Line of

Mars 25° Neptune 30° orbital axis.
Precession

Like a spinning top, Earth wobbles about on its axis. This causes the Earth's axis to describe a cone in space. An entire cycle takes
about 26,000 years. Precession alters the direction the Earth's axis is pointing. For example, during June, the Northern Hemisphere is
pointed towards the Sun. However, 13,000 years ago the occurrence of the seasons was opposite to what they are today.

<
-5

¥ June 21
\ /

Today 6500 years ago 13,000 years ago

Orbital eccentricity

The Earth's elliptical orbit changes its eccentricity from very
nearly circular (eccentricity of 0.000055) to slightly elliptical
(eccentricity 0.0679). The changes in eccentricity have a
cycle of about 100,000 years. Circular orbits tend to make
the differences between the seasons rather mild, while more
elliptical orbits exacerbate the difference as during one
solstice the Earth will be closer to the Sun than the other.
Currently, the Earth is about 3 million kilometers closer to
the Sun during the northern hemisphere winter than in the Nearly circular orbit More elliptical orbit
northern hemisphere summer.

3. How might the long term orbital cycles of the Earth cause extremes in climate, such as ice ages?
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u The Earth's Crust

Key Idea: The different rocks of the Earth’s crust have
different properties based on their formation.

The Earth has a layered structure comprising a solid inner
core, aliquid outer core, a highly viscous mantle, and an outer,
silicate solid crust. The Earth's crust is thin compared to the
bulk of the Earth, averaging just 25-70 km thick below the

The continental crust is made up of ignheous,
metamorphic, and sedimentary rocks. It is not recycled
within the Earth to the same extent as oceanic crust,

so some continental rocks are up to 4 billion years old.
Parts of the continental crust go through repeated
cycles of erosion, formation into sedimentary rock, and
metamorphosis. The crust ‘floats’ on the mantle at a
level determined by its thickness and density. The more
mass there is above sea-level, the deeper the crust
must extend down in support.

Soil and vegetation

Sedimentary rocks
Sediments eroded from
continents and compressed
into rock can be later lifted
and exposed in mountains
and other formations.

Mantle

continents and about 10 km thick below the oceans. Overall,
the crust is less dense than the mantle, being relatively rich in
lighter minerals such as silicon, calcium, and aluminum. The
crust is in constant change as a result of ocean formation,
mountain building, and volcanism. It supports the biosphere,
the hydrosphere, and the atmosphere.

Water precipitated from the atmosphere
forms rivers and lakes which flow back to the
ocean, eroding the landscape in the process.

The Earth's persistent oceans
of liquid water cycle moisture
through the atmosphere to the
land and back again.

eanic crust makes up more than two thirds
c e Earth's surface and is composed of relatively
dense, basalt-rich rocks underlying a thin layer of
‘sediment. The oceanic crust is being continually
formed from mantle material within long rifts called
spreading ridges. As a result it is relatively young;
even the oldest parts of the ocean floor are no more
than 200 million years old.

Igneous rocks, such as basalt (left), form
a major component of the crust and are
essentially unchanged since their formation.

1. Describe two differences between the oceanic and continental crust:

2. Explain the difference in thickness and relative positions of continental and oceanic crusts:

3. Explain why the Earth's crust is described as a dynamic structure:
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! Plate Boundaries

Key Idea: When tectonic plates meet, they form either
convergent, divergent, or transform boundaries.

The outer rock layer of the Earth, comprising the crust and
upper mantle, is called the lithosphere and it is broken up
into seven large, continent-sized tectonic plates and about a
dozen smaller plates. Throughout geological time, these plates
have moved about the Earth's surface, shuffling continents,
opening and closing oceans, and building mountains. The size
of the lithospheric plates is constantly changing, with some
expanding and some getting smaller. These changes occur

Island arcs form from

a chain of volcanoes
parallel to the edge of a
subduction zone.

The San Andreas fault is a
transform boundary running for
over 1000 km through California.

Convergent
plate boundary

Island chain

along plate boundaries which are marked by well-defined
zones of seismic and volcanic activity. Plate growth occurs at
divergent boundaries along sea floor spreading ridges, e.g.
the Mid-Atlantic Ridge and the Red Sea, whereas plate attrition
occurs at convergent boundaries marked by deep ocean
trenches and subduction zones. Divergent and convergent
zones make up approximately 80% of plate boundaries.
The remaining 20% are transform boundaries, where two
plates slide past one another with little change in the size of
either plate.

Divergent
plate boundary
Transform fault

Shield volcanof ™

Island arc

Stratovolcano
S
¥

pot,
aiian isl

Ocean
spreading ridge

-« ">

Lithosphere

1. Describe what is happening at each of the following plate boundaries, and identify an example in each case:

(a) Convergent plate boundary:

(b) Divergent plate boundary:

(c) Transform plate boundary:

3
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Convergent
plate boundary

Plate boundaries moving towards

each other are called convergent plate
boundaries. Where oceanic crust and
continental crust meet, the oceanic crust
will subduct under the continental crust,
creating a subduction zone. Volcanoes
normally form along the continental border
of a subduction zone. When continental
crusts collide, huge mountain ranges such
as the Himalayas can form.

Convergent
plate boundary

Divergent

Divergent plate boundaries form where
the tectonic plates are moving away
from each other. These are commonly
found along the mid ocean ridges,

but occasionally are seen on land, as

in the Great Rift Valley and Iceland.
Divergent boundaries are also known as
constructive boundaries as they produce
new crust from the upwelling of magma.

Continental rift zone
(young plate boundary)

Mountain range

Oceanic crust
(denser)

l Trench

-

“A,\

2. ldentify the type of plate boundary at which each of the following occurs:

(a) Mountain building:

(c) Creation of new ocean floor:

(b) Subduction:

(d) Island arc:

plate boundary

Transform
plate boundary

Transform boundaries are formed when
the tectonic plates are moving past

each other. They are, therefore, neither
constructive nor destructive. Examples
include the San Andreas fault in California
and the Alpine Fault in New Zealand.

3. (a) Explain why the oceanic crust subducts under the continental crust in a subduction zone:

(b) What causes volcanoes to form along the continental plate boundary of a subduction zone?
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Key Idea: The lithosphere and asthenosphere are two distinct
regions of the mantle.

The lithosphere (lithos = ‘stone') comprises the crust and the
uppermost part of the mantle. It is both rigid and solid, and
broken up into tectonic plates. The lithosphere can be divided
into continental lithosphere, which contains relatively light
minerals,and oceaniclithosphere, whichcontainsmuchdenser
minerals. The lithosphere ranges from 400 km thick over the
continents to 70 km thick in the oceans. The asthenosphere

Oceanic crust

Continental crust

Lithosphere
70-400 km thick T

« Rigid

« Solid

e Conducts heat
to surface

Asthenosphere
100 km thick

* Viscous
« Plastic
« Retains heat

1. (a) Describe the structure of the lithosphere:

Mohorovicic discontinuity

The Lithosphere and Asthenosphere

(asthenes = ‘weak’) lies below the lithosphere. This layer of
rock is viscous and plastic (semi-fluid), it changes through
plastic deformation, slowly moving about and so allowing for
plate tectonic movement. The asthenosphere is only around
100 km thick. The boundary between the lithosphere and
asthenosphere is thermal. The lithosphere conducts heat
out to the surface while the asthenosphere retains its heat.
The crust and the mantle are chemically distinct, forming a
compositional boundary.

Locating the layers

The Mohorovicic discontinuity marks

the boundary between the crust and the

mantle. Seismic waves from earthquakes
increase in velocity when travelling below
this boundary.

Travel time of S wave

—
Increasing distance from epicenter

Experiments reveal more detail about the
upper layers of the Earth

In an experiment in New Zealand,
geologists exploded charges of TNT to
produce seismic waves and recorded
their echoes from layers of rock in the
Earth. The echoes revealed a jelly-like
layer of rock just 10 km thick between
the rigid upper layer of the Earth
(lithosphere) and the more plastic lower
layer (asthenosphere). This research
solved the problem of how the lithosphere
could move about on the surface of

the asthenosphere.

Mantle

(b) Describe the structure of the asthenosphere:

2. Describe how the lithosphere-asthenosphere boundary (LAB) can be detected:

3. The continental lithosphere is much older than the oceanic lithosphere. Explain why this is the case:
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Background image: NASA

Mechanism of Plate Movement

Key Idea: Convection currents in the mantle cause the plates. The key principle of the theory is that the rigid plates
movement of the tectonic plates. are able to ride on the fluid-like underlying asthenosphere.
Evidence from earthquakes, volcanoes, and land formations The energy for this movement comes from dissipation of
has helped formulate the theory of plate tectonics, which heat from the mantle. It is the movement of the plates that
describes the large scale movement of the Earth’s crustal produces phenomena such as earthquakes and volcanism.

Pacific plate

i Nazca plate’

Antarctic Plate

) The evidence for past plate movements has come from several sources: mapping of plate boundaries, the discovery of sea
floor spreading, measurement of the direction and rate of plate movement, and geological evidence such as the distribution of
ancient mountain chains, unusual deposits, and fossils. The size of the plates is constantly changing, with some expanding and
some getting smaller. The extent of the tectonic plates is shown in the diagram above. The Pacific plate is by far the largest,
measuring 103 million km?2,

The mechanism of plate movement

) The relatively cool lithosphere covers the hotter, plastic, and more fluid asthenosphere. Heat from the mantle drives two kinds
of asthenospheric movement: convection and mantle plumes. Plate motion is partly driven by the weight of cold, dense plates
sinking into the mantle at trenches. This heavier, cooler material, sinking under the influence of gravity, displaces heated
material, which rises as mantle plumes.

) The movements of the tectonic plates puts the brittle rock of the crust under strain, creating faults where rocks fracture and

slip past each other. Earthquakes are caused by energy release during rapid slippage along faults. Consequently, the Earth’s
major earthquake (and volcanic) zones occur along plate boundaries.

New crust created at Crust Mantle Crust cools and sinks into mantle
spreading ridge under the influence of gravity

Crust melts as it
descends into mantle

Heating and
cooling causes
convection

Mantle plume of
hotter material
rising from near
the core

IRON
NICKEL ———>

CORE
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) H Continental Drift

Key Idea: Continental drift is the movement of the continents
due to their being embedded in the tectonic plates.

Continental drift (the movement of the Earth’s continents
relative to each other) is a continuing and measurable
phenomenon. Movements of up to 2-11 cm a year have been
recorded between continents by use of laser technology.
The movements of the Earth’s 12 major crustal plates are
driven by a geological process known as plate tectonics.

Some continents are drifting apart while others are moving
together. Many lines of evidence show that these continents
were once joined as ‘supercontintents’ including matching
continental shelves, and large areas where rocks of the
same age span the former continental boundaries. One
supercontinent, Gondwana, was made up of the continents
Africa, South America, Antarctica, Australia, and India some
200 million years ago.

Current and former positions of Africa and South America

Current positions

Precambrian rocks
older than 650 mya

Precambrian basement
rocks (650-570 mya)

Matching fossils
e.g. Glossopteris

When the continental shelves are placed
together, rock formation in the north, center, and
south of the continents align.

200 mya

Precambrian
rocks older than

650 mya "

Matching

Precambrian
basement rocks 3
(650-570 mya) Ol

Evidence for continental drift

Magnetic field lines

. S

Mid-ocean ridge

Africa began to separate from South
America around 130 mya. The two
continents are now separated by more
than 2500 km of ocean. Measurements
of rocks on either side of the mid-
Atlantic ridge show that the rocks on the
African side of the ridge exactly match
those on the South American side of the
ridge in both the magnetic field strength
and orientation, as well as in age.

1. (a) Describe some of the geological evidence for continental drift:

There is a large amount of biological
evidence for the existence of Gondwana.
Fossils from the plant Glossopteris and
from the mammal-like reptile Lystrosaurus
have been found in every continent
associated with Gondwana. Ratites, the
order of birds including the ostrich, rhea,
emu, cassowary, kiwi, and the extinct
elephant bird and moa, are also found
associated with Gondwanan continents.

Geological evidence abounds for
continental drift and the existence

of Gondwana. Geological formations,
including rock formations, impressions
left by glaciations, the matching of
continental shelves, and the position of
mid-ocean ridges, all point to the fact
that the continents were once joined as
one supercontinent.

(b) Describe some of the biological evidence for continental drift:

3
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Key Idea: Volcanoes form when magma reaches the surface,
erupting as lava through vents, and forming cone-shaped
mountains as the ejected material falls back to the ground.

Volcanoes generally form along the edge of the tectonic
plate overriding a subduction zone. Cracks in the crust
caused by the buckling of the overriding plate allow magma
to move towards the surface and form a magma chamber.
Further cracks in the crust allow the magma to be ejected
from the chamber and form a volcano. Magma reaching the
surface is termed lava and its chemical properties depend

n Volcanoes and Volcanism

upon the composition of both the original magma and the
crust through which it passes. Lava can be placed into three
general groups: basaltic, andesitic, and rhyolitc. Basaltic lava
contains 48%-58% silica, is basic and is very fluid, with a
temperature of around 1160°C. Rhyolitic lava contains 65%
silica and above, and is acidic and viscous with a temperature
of around 900°C. Andesite is intermediate between these lava
types. Volcanoes formed from these lavas have very different
and quite distinct properties, ranging from relatively flat and
unexplosive to extremely steep and violently explosive.

Types of volcanoes

Shield volcano

Strato-volcano

Strato-volcanoes tend to
have steep upper slopes and
a shallower gradient on the
lower slopes. The lava ejected
is commonly andesitic and
relatively viscous, containing
moderate levels of silica. This
causes the lava to build up on
the upper slopes before rolling
down to the lower slopes and
so forming the characteristic
shape. Mt Fuji (Japan) is a
classic example.

Shield volcano

Shield volcanoes are formed
from fluid basalt lava. The lava
contains low levels of silica and
runs freely down the sides of
the volcano, causing its base to
spread out without increasing
its height. These volcanoes
tend to have an exceptionally
large basal radius and can

be extremely large. Examples
include Mt Kilauea (Hawaii) and
Skjaldbreidur (Iceland).

Strato-volcano structure

Steep
upper slopes
Layers built up
over successive
eruptions

Shallow
lower slopes
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Magma chamber

Caldera

Strato-volcano Volcanic dome

Volcanic domes
Caldera

Calderas are formed by the
collapse of a magma chamber
after a major eruption. The
collapsed crater forms a
characteristic ring fault. These

Dome volcanoes form from
viscous, silica-rich, rhyolitic
magma that slowly oozes from
the vent or may build up slowly
underground. This magma traps
a large amount of gas which

is not easily released and so
eruptions are often extremely
violent. Examples include Mt
Tarawera (New Zealand) and

active or become dormant after
the eruption. Examples include
Santorini caldera (Greece), and

Chaitén (Chile). Yellowstone caldera (US).
Mauna Loa

EEE

o2

[\VETHEN GE]

Intrusion and dykes

The largest active volcano on Earth is Mauna Loa
in Hawaii. It is a shield volcano sitting above the
Hawaiian hotspot and has been active for about
700,000 years. Mauna Loa makes up more than
half the area of the island of Hawaii and, from its
base, is over 9000 m tall. Its mass is close to the
maximum the oceanic crust can support. Indeed, it
depresses the crust by 8 km.

On Mars, the shield volcano Olympus Mons stands
over 21 km high. Due to Mars’ lacking tectonic
activity, the volcano was able to build up over a
stationary hotspot.
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Background images: NASA

Volcanoes in the Pacific
Tectonic plate boundaries Pacific Ring of Fire

Pacific plate

" 4 Hawaiian Islands
> (Hot spot)

»  Much of the northern and western edges of the Pacific plate form subduction zones. This produces an area that is seismically
and volcanically extremely active. Along with parts of the Nazca plate, it forms the Pacific Ring of Fire. Around three quarters

of the world's active and dormant volcanoes are found around the edge of the ring and nearly 90% of all earthquake activity is
located there.

1. Match the following lava types to the appropriate volcano below: basaltic, andesitic, rhyolitic.
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