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Dr Birdley Teaches Science – Mysteries of the Earth

Educational Objectives
• To provide an overview of the major eras of life on Earth.
• To describe the processes that led to the formation of Earth’s geological
features

Unit
Primary Objective
1. The Fossil Record To discuss how the principal of superposition and rock dating allow us
to obtain information about Earth’s history.
To provide an overview of geologic time.

Standards
4, 10, 11
9, 10, 11
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2. Geologic Time
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Central Goals:
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To explain how fossil evidence reflects changes in Earth’s living things
over time.

To introduce the possible causes and the effects of mass extinctions.
To introduce undersea vents as a plausible location for the origin of life.

3. Life’s Origins

7, 9

4. Microbial Planet

To understand the essential processes of the rock cycle.
To illustrate how biological, chemical and detrital sedimentary rocks
are formed.
To distinguish between extrusive and intrusive igneous rocks.
To explore the fundamental parts of a volcano.

2, 7, 9, 12,
13, 14
1, 2, 5, 6
1, 2, 5, 6,
7, 8
1, 2, 3,
5, 6
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7. Igneous Rocks
and Volcanoes

To relate microbial biodiversity to the origins of the matter cycles.
To compare and contrast igneous, sedimentary and metamorphic rock.
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6. Sedimentary
Rocks

To understand how the three domain scheme represents microbial diversity.
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5. Introducing
Rocks
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To show how microbes break down rocks and provide clues to life’s origins.
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To examine evidence for seabed spreading, which can be found near
undersea volcanoes.
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Objectives and Frameworks

Correlations to the Australian Curriculum

Senior Secondary Curriculum:
Earth and Environmental Science

9. Fossil evidence indicates that life first
appeared on Earth approximately 4 billion years
ago (ACSES025) [Units 2, 3, 4]
10. The characteristics of past environments
and communities (for example, presence
of water, nature of the substrate, organism
assemblages) can be inferred from the sequence
and internal textures of sedimentary rocks and
enclosed fossils (ACSES028) [Units 1, 2]
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3. Observation of present day processes can
be used to infer past events and processes by
applying the Principle of Uniformitarianism
(ACSES015) [Unit 7]
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2. Global systems, including the carbon cycle,
rely on interactions involving the biosphere,
lithosphere, hydrosphere and atmosphere
(ACSSU189) [Units 4, 5, 6, 7]
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1. Sedimentary, igneous and metamorphic
rocks contain minerals and are formed by
processes that occur within Earth over a variety
of timescales (ACSSU153) [Units 5, 6, 7]

8. Water’s unique properties, including its
boiling point, density in solid and liquid phase,
surface tension and its ability to act a solvent,
and its abundance at the surface of Earth make
it an important component of Earth system
processes (for example, precipitation, ice sheet
formation, evapotranspiration, solution of salts)
(ACSES024) [Unit 6]
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F–10 Curriculum: Science
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This page outlines the relevant Australian F–10 Curriculum and Senior Secondary Curriculum
content descriptions that the units relate to. After each standard, the pertinent units are listed.
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4. Precise dates can be assigned to points
on the relative geological time scale using data
derived from the decay of radioisotopes in rocks
and minerals; this establishes an absolute time
scale and places the age of the Earth at 4.5 billion
years (ACSES017) [Unit 1]
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5. Rocks are composed of characteristic
assemblages of mineral crystals or grains that
are formed through igneous, sedimentary and
metamorphic processes, as part of the rock cycle
(ACSES019) [Units 5, 6, 7]
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6. Soil formation requires interaction between
atmospheric, geologic, hydrologic and biotic
processes; soil is composed of rock and mineral
particles, organic material, water, gases and
living organisms (ACSES020) [Units 5, 6, 7]
7. The atmosphere was derived from volcanic
outgassing during cooling and differentiation of
Earth and its composition has been significantly
modified by the actions of photosynthesising
organisms (ACSES021) [Units 3, 4, 6]
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11. The diversification and proliferation
of living organisms over time (for example,
increases in marine animals in the Cambrian),
and the catastrophic collapse of ecosystems (for
example, the mass extinction event at the end of
the Cretaceous) can be inferred from the fossil
record (ACSES029) [Units 1, 2]
12. Processes within and between Earth systems
require energy that originates either from the sun
or the interior of Earth (ACSES045) [Unit 4]
13. Transfers and transformations of heat and
gravitational energy in Earth’s interior drives the
movement of tectonic plates through processes
including mantle convection, plume formation
and slab sinking (ACSES047) [Unit 4]
14. Biogeochemical cycling of matter,
including nitrogen and phosphorus, involves the
transfer and transformation of energy between
the biosphere, geosphere, atmosphere and
hydrosphere (ACSES055) [Unit 4]
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Dr Birdley Teaches Science – Mysteries of the Earth

Overview of Source Cartoons

Cartoon

Central Concept

Challenge
Level

Related
Topics
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The difficulty level ranges from easy (L1) to very challenging (L3).

The Fossil Record

The principle of superposition and radiometric dating are
useful methods for learning about geologic time.

L2

Radiometric Dating

Radiometric dating uses the half-life and decay rates of
isotopes within igneous rocks to find the age of fossils.

L3

Geologic Time

Whereas microbes have been around for the majority of
Earth’s history, humans have appeared only recently.

L1

Snapshots in Time

Fossils reflect changes in Earth’s biodiversity over time.

The Trilobite Case

Trilobites disappeared during the Permian Extinction, but
they have left well-preserved fossils.

L1

Natural disasters

Origin of Life

The origin of life may have occurred in undersea vents.

L2

Geothermal energy

Living Fossils

The snottites contain microbes that carve through cave
walls with sulphuric acid and resemble the first living
things.

L2

Chemical weathering
of rocks

The Three Domains

Microbes are more diverse than all other forms of life
because of their genetics, metabolism and habitats.

L2

Biogeochemical
cycles

L2

Chemical bonding

The three major rock types – igneous, metamorphic
and sedimentary – each have different origins and
characteristics.

L2

Plate tectonics

Any rock could become any of the three major rock types.

L2

Rock cycle

Types of Rocks

Isotopes

Precambrian time
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Transforming Rocks
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The biodiversity of microbes allow them to metabolise
a vast range of chemicals, resulting in biogeochemical
Biogeochemical Cycles cycles.

Sedimentary rock

Fossil formation

Detrital sedimentary rocks can form from weathering,
compaction and cementation.

L1

Erosion

White Sands

The white sands are made of chemical sedimentary rock.

L3

Evaporation

A Lesson from a Snail

Chalk is made of calcite, which is composed of the fossils
of microbes like foraminifera and other marine organisms.

L2

Protists

Rocks Above and
Below

Extrusive igneous rock forms above ground, while
sedimentary rock forms below ground.

L2

Volcanoes

Anatomy of a Volcano

Composite volcanoes are built up by magma rising up
through Earth’s crust, forming layers of rock and ash.

L2

Plate tectonics

Deep Sea Smoker

Evidence for seabed spreading can be found at undersea
volcanoes known as “black smokers”.

L3

Chemosynthetic
bacteria
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Owelle’s Rock
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Dr Birdley Teaches Science – Mysteries of the Earth

THE FOSSIL RECORD

Fossils and Geologic Time

Objectives
1. To explain how scientists learn about the
relative age of fossils using the principle
of superposition.
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2. To explain that scientists can learn
about the relative age of fossils using
radiometric dating.

Synopsis
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Dr Birdley stands atop a fossil bed explaining the
principle of superposition. The Earth below him
contains skulls of three dinosaurs and a fossilised
trilobite. Dr Birdley then explains radiometric
dating with Eric Seagull and Arthur Grouse. A
timeline is used to illustrate the order in which the
dinosaurs and trilobite appeared in Earth’s history.
Meanwhile, Eric discusses the limitations of the
fossil record.
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1. The principle of superposition can be used to
learn about the relative ages of fossils.

nl

Main Ideas

2. Radiometric dating can be used to find the
absolute (numerical) age of igneous rocks.
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3. Because layers with fossils are only made of
sedimentary rock, your best strategy is to find
the ages of igneous rock layers above and
below the fossil-containing layer.
4. The fossil’s age falls within a range between
the ages of the two igneous rock layers.

H

aw

5. You can use this date range to approximate
the age of the fossil.

Vocabulary
radiometric dating

relative age

absolute age

igneous rock

sedimentary rock

©

superposition

Characters

Questions for Discussion
Before Reading:
1. What can fossils tell us
about the past?
2. What are some examples of
living things that are extinct?
3. What are the various types
of fossils that exist?
After Reading:
1. How could a geological event
such as an earthquake interfere
with a scientist’s ability to use
the principle of superposition?
2. Why is Eric able to use
only approximations?

Dr Birdley, Eric Seagull, Arthur Grouse

10
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Unit 2: Geologic Time

SNAPSHOTS IN TIME

Geologic Time

Objectives
1. To illustrate how fossils reflect changes in the
types of living things that populate the Earth.
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2. To illustrate how fossils reflect shifting levels
of biodiversity over time.

Synopsis
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As Gina Sparrow travels to various countries to
dig up fossils, she visualises what a typical scene
from that time period may have looked like.

Main Ideas

Ed

1. The scarce fossil evidence and presence
of microfossils in early fossil layers
suggests that Precambrian life was
predominantly microbial.
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3. Fossils indicate that the Cambrian
explosion was a period of rapid
diversification, in which organisms from
all the major animal phyla emerged.
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2. Fossils from the Ediacaran era reflect
the first major emergence of complex
multicellular life.
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Vocabulary

Br

4. Fossils can give us insight as to what living
things existed in particular time periods.

Questions for Discussion
Before Reading:
1. When do you think the first
animals appeared?

Ediacaran

Precambrian

2. What were the first living things?

microfossils

microbes

phyla

3. How can fossils help us investigate
this question?

aw

Cambrian

Characters
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Gina Sparrow

Teacher’s Note

The Cambrian period was the first part of
the Paleozoic era. Although an explosion in
biodiversity ensued during this time frame, much
of it was lost by the end of the Paleozoic era due
to the Permian extinction.
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After Reading:
1. Why do you think life during the
Precambrian was mainly microbial?
2. What may have caused the sudden
increase in biodiversity during the
Cambrian period.
3. Ask students to describe what they
think an ecosystem from the Cambrian
period may have looked like.
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ORIGIN OF LIFE

Geologic Time

Objectives
1. To describe a plausible scenario for where,
when and how life originated.
2. To introduce ocean floor hydrothermal vents.
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Synopsis
Dr Birdley explains a theory about the origin of
life to the sceptical Dean Owelle.

Main Ideas
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1. At some point in Earth’s history,
non-living molecules became organised
into living systems.
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3. Undersea vents may have been the sites at
which life first originated because of their
distance from Earth’s surface, proximity
to an energy source, plethora of organic
compounds, and capacity to support
microbial life.
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2. Earth was still a harsh place
3.8 billion years ago.

4. Organic molecules combined to make larger
molecules, such as DNA and proteins.
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5. This mix of DNA and proteins ultimately
became enclosed by a membrane, forming
the first cell.
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6. The first living things were single-celled.

Vocabulary
replicate

©

chemistry

1. How long do you think living things
have been around?
2. What is the difference between
chemistry and biology?

organic compounds

3. How are the two subjects similar?

molecular

hydrothermal vents

membrane

genetic material

4. What do all living things need
to survive?

H

cell

Before Reading:

amino acids

aw

polymers

Questions for Discussion

biology

macromolecules

Characters

Dr Birdley, Dean Owelle, the first microbe

5. What are all living things made of?
After Reading:
1. Do you agree with this idea? Why or
why not?
2. What events beneath the earth may be
related to these hydrothermal vents?

34
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Unit 4: Microbial Planet

THE THREE DOMAINS

The Biosphere

Objectives
1. To introduce how all living things are
classified under the three domain scheme.
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2. To present Earth’s extensive microbial
diversity as the rationale for the three
domains.

Synopsis
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Dr Birdley explains the three domains to the
sceptical Dean Owelle, who ends up dropping his
argument for the moment when the creator of the
theory, Dr Carl Woese, pays them a visit.

Main Ideas
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2. In this scheme, two domains, archaea and
bacteria, are microbial, while eukarya is
comprised of animals, plants, protists
and fungi.
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1. The three domains is a classification scheme
for all living things based on DNA sequence
data from a great many living things.
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3. Animals, plants, protists and fungi are more
similar to each other genetically than archaea
and eukarya.
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4. Eukarya and archaea demonstrate tremendous
diversity in terms of genetics, metabolism,
and habitat.

domain
metabolism
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eukarya
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Vocabulary
evolution

genetics

phylogenetic

microbe

archaea

bacteria

Characters

Dr Birdley, Dean Owelle, Carl Woese, Norman, a
sarcastic protist

Questions for Discussion
Before Reading:
1. Make a list of all the major categories
of living things on Earth.
2. Give an example of two animals or
plants that you think are genetically
similar. Why do you think they
are similar?
3. What do you already know about
DNA? Bacteria?
After Reading:
1. Is it possible to have more specific
phylogenetic trees within the three
domains tree? Why or why not?
2. Would you say that the three domains
tree is general or specific?
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Unit 5: Introducing Rocks

TYPES OF ROCKS

Geology

Objectives
1. To describe central characteristics of
the three major types of rocks.
2. To explain how each major type of
rock forms.
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3. To provide key examples of
each type of rock.
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1. Igneous rocks form from molten rock, which
is either magma or lava. Examples include
scoria, basalt, pumice, andesite and granite.
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2. Sediments may come from erosion and
weathering, biological sources or substances
precipitating out of solution. Examples
include sand, silt, gravel, rock salt, limestone,
sandstone, clay chalk.

aw

3. Rocks may transform into metamorphic
rock under tremendous heat and pressure.
Examples include gneiss, marble, schist,
quartzite, skarn and slate.

Vocabulary
igneous

metamorphic

magma

weathering

mineral fluid

temperature

pressure

compress
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sedimentary
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Main Ideas
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Dr Birdley, Jaykes and Gina Sparrow provide
an overview of the major types of rocks, while
standing upon examples of each of them. Intrusive
igneous rocks spring up from within the Earth.
Norman busily sprinkles rock salt, a type of
sedimentary rock. A statue of Dean Owelle stands
that is made of marble, which is a metamorphic
rock.
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Synopsis

Characters

Gina Sparrow, Dr Birdley, Jaykes
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Questions for Discussion
Before Reading:
1. What are some differences that
might show up in two or more
rocks that you find?
2. What are some properties of rocks
that can be observed and described?
3. How are all rocks similar?
After Reading:
1. Describe the different ways
in which rocks can form.
2. What are some examples of rocks
that you recognise in the picture?
3. Why do you think the rocks are
coming out of the Earth?
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