
CHAPTER 1:

THE 
HADEAN
EON
(4600–4000 MILLION YEARS AGO)



Earth began its life as a 
molten ball of lava that 

cooled over millions of years.
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Our Moon was formed by  
a violent collision between 

early Earth and an asteroid called 
Theia.

How to build a moon
Moons are objects that orbit planets, and most planets have them. While 
Mercury and Venus don’t have any moons, Neptune has 13! But where did 
our Moon come from?

About 4.5 billion years ago, at the end of all the planet-building action, 
a Mars-sized asteroid called Theia was orbiting the Sun along the same 
path as early Earth. Due to planets not having any brakes or steering  
(or a driver for that matter), Theia and Earth catastrophically collided.  
This increased the mass of Earth.

Some leftover rocks from the collision were trapped  
in Earth’s gravitational field and began to orbit  
the planet. Eventually, they pulled together  
to form the Moon.

This collision is also the reason the 
Earth is tilted (23.5 degrees) relative 
to the Sun. This tilt creates a sort 
of wobble as the Earth rotates on 
its axis in space as well as orbiting 
the Sun. The wobble gives us the 
seasons of the year. Australia 
tilts away from the Sun in winter, 
and towards it in summer. So, you 
can thank a collision of rocks in 
space 4.5 billion years ago for your 
summer holidays!

The chemical make-up of Earth 
and the Moon is nearly identical. 
We know this because the Apollo 
missions from 1968–1972 managed 
to land on the Moon and collect 
samples. These similarities suggest 
that the collision was so violent that 
the two objects completely mixed.  
It is likely that due to the impact, 
the surface of the early Earth was 
completely molten, creating a 
global magma ocean!
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Mountain building
Mountain ranges are made at convergent 
plate boundaries. If a plate subducts 
(pushes down), it can also push the 
plate above it up. The best example is 
the Himalayas, where India is pushing 
up Tibet. This creates mountains such 
as Mount Everest, which is more than 
8000 metres tall!

Closer to home, we have our own 
mountains. The Australian plate is pushing 
north, and the Pacific Ocean is subducting 
under New Guinea, which is also a part 
of the Australian plate. This has caused 
huge mountains to be pushed up in New 
Guinea. Puncak Jaya is the tallest at 
4884 metres. This is more than double 
the height of Australia’s tallest mountain, 
Mount Kosciuszko, at 2228 metres. More 
on Mount Kosciuszko and Australia’s 
Eastern Highlands – also known as the 
Great Dividing Range – can be found in 
Chapters 4 and 6. 

Those of us on the Australian mainland, today located 
squarely in the middle of a tectonic plate, don’t 
typically expect to suffer from large earthquakes. But 
we do constantly get smaller earthquakes. These can 
still be devastating if they occur in populated areas.

An example is the Newcastle earthquake of 1989. 
Thirteen people died and the estimated cost of 
damage at the time was $4 billion. The earthquake’s 
epicentre was 11 kilometres deep, 15 kilometres 
south-west of the town centre. Shocks were felt up 
to 800 kilometres from Newcastle, even though the 
earthquake measured only 5.6, or moderate, on the 
Richter scale that measures earthquake size!

Australia has experienced all three types of plate 
boundary and has many scars from mountain 
building across its surface. We’ll look more closely  
at these events in Chapter 4.

This is a creative impression of the jumbled, mixed-
up nature of our Earth’s crust. The red and green 

areas show ancient rocks that make up the continental 
crust. The yellow and blue areas are younger rocks that 
mostly make up the oceanic crust. The black lines show 
the plate boundaries and cracks in the crust.
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Metamorphic rocks
Metamorphic rocks have been transformed from other types of rock  
by heat or pressure.

A common metamorphic rock is slate. It is a useful building material,  
as it can be split into flat tiles for roofing or tiles for the floor.

Slate is made from heated mudstone and another rock called gneiss 
(pronounced ‘nice’). Gneiss is made by being heated, but not technically 
melted, to a point where the light- and dark-coloured minerals separate. 
The different coloured minerals then line up to form lovely zebra stripes.

Rocks are 
continually 

made, destroyed and 
made again in the 
rock cycle. This 
picture shows 
sedimentary, 
metamorphic and 
igneous rocks forming 
and being recycled 
back into magma.
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Today, we can mine the greenstones and process out the nickel minerals. 
The mineral pentlandite is a particularly beautiful and important source 
of nickel mined in Western Australia. Nickel is used to harden steel, create 
batteries, and coat other metals to make them resistant to corrosion 
(wearing away). For these reasons, nickel will be an important metal in  
the future of cars and other vehicles. This is because society is moving 
away from engines that burn fuel towards electric vehicles powered  
by batteries.

A wave of igneous activity
About 4 hours east of Perth, also in the Yilgarn Craton, is a fantastic 
granite outcrop in a perfect wave shape. In keeping with the age-old 
Australian tradition of obvious names, it’s called Wave Rock.

Tourists love to stand at the base of Wave Rock, pretend to surf and 
take a great selfie! But this huge granite rock is not just a good photo 
opportunity. It also tells us how gold ended up being concentrated in  
this part of the world.

Wave Rock, but 
not as we know 

it. Below you can see 
the orange granite as 
we see it today 
gradually change into 
a breaking ‘wave’.
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If you could ever see Luca, it would 
seem to be barely living at all. But 
it had key features that help us to 
define life. For example, Luca had 
genes made of DNA and could 
adjust to the environment around 
it. As Luca had genes, it could also 
reproduce and spread its genes to 
its offspring. This also means Luca 
could evolve.

DNA: the code of life
DNA stands for deoxyribonucleic acid. It is a biological 
chemical made up of four molecules called nucleotides.  
Their names are adenine, cytosine, guanine and thymine,  
but biologists usually refer to them as A, C, G and T.

The four types of nucleotides are held 
together in pairs in a ladder-like string, 
which forms the double helix shape 
called DNA. The order of the nucleotides 
in the string creates a DNA code, or gene. 
There are many potential combinations 
of A, C, G and T.

DNA acts like a sort of computer code 
for life, as it tells our cells what to do 
and how to grow. Living things that have 
similar DNA are grouped together as a 
species.

DNA causes cells to grow, survive and 
be copied. Sometimes, mistakes happen 
when a cell is copied, which changes 
the DNA code. If the change provides an 
advantage in life, the cell will survive 
and reproduce: this drives evolution. If 
the change provides a disadvantage, the 
cell will die and the change will not be 
passed on. 

Stromatolites are the oldest 
fossil evidence of life. This 

picture shows a group of 
stromatolites in a shallow sea (left), 
a detailed view of the layered mats 
of cyanobacteria (top) and a zoomed-
in, microscopic view showing 
individual cyanobacteria (bottom).

DNA forms a double helix, or 
twisted-ladder shape. The 

rungs of the ladder are made from 
pairs of nucleotides known as A, C, G 
and T, which form the code of life.

THE 
ARCHEAN 

EON
39



Principles of sedimentary geology
Banded iron formations are a type of sedimentary deposit. It’s probably 
a good time to introduce here the laws of sedimentary rock formation, 
which were discovered in the 17th century by a diligent geologist known as 
Nicholas Steno.

These laws are referred to in proper science jargon as the principles of 
sedimentary geology, but they are beautiful in their simplicity. Once you 
understand these simple concepts, you will be able to start reading a cliff 
face, road cutting, quarry or open pit mine, and unlock the secrets of the 
geological history of the area!

The four principles are as follows:

Superposition – A layer 
of sandstone (or any 
sedimentary rock) is 
deposited grain by 
grain, and layer by 
layer. Steno’s lightbulb 
moment came as he 
was looking at a section 
of rock. He realised that 
due to the way they 
were laid down, the 
oldest layers were on the 
bottom. This meant the 
rocks got younger as you 
moved upwards through 
the layers. This gave 
him a relative way to 
date each layer. Simple 
right? This is the law of 
superposition.

Horizontality – Steno also 
studied the landscape 
and how sediment 
settled in water. He 
realised sedimentary 
layers are deposited 
flat. Try mixing some fine 
dirt in a jar of water and 
watch how it settles. Now 
imagine this process 
at the scale of rivers, 
lakes and oceans, where 
sediment is carried by 
moving water. When 
the water slows, the 
sediment drops out and 
forms flat layers. But 
what if we see folded 
layers of rock or layers 
standing upright, or even 
tortured in all different 
directions? Because 
sediments always settle 
flat, this must have 
happened after the 
sediments were laid 
down! This is the law of 
original horizontality.

Lateral continuity – 
Imagine you are looking 
across a landscape 
with flat layers of rock. 
You spot a distinctive 
white layer, and then 
a gap caused by a 
valley. You continue 
scanning across the 
valley and spot the 
same white layer on 
the other side. How did 
this occur? Nicholas 
realised that the layers 
were once connected, 
and a river carved out 
the gap between. A 
great example of this 
law of lateral continuity 
can be seen in the Blue 
Mountains, west of 
Sydney. Lateral means 
sideways, so this phrase 
means continuous in a 
sideways direction.

Cross-cutting 
relationships – Now 
imagine a sandstone 
face, flat layered and 
undisturbed. Let’s call 
this Event 1. A single 
crack forms in the solid 
rock. This crack, or fault, 
is a weakness that 
magma intrudes into 
– this is Event 2. After 
the brief violence of the 
intrusion of the magma, 
new deposits can be 
layered on top – this is 
Event 3. By using our new 
tool of working out the 
relative ages of rocks, we 
realise that this magma 
has to be younger than 
the sandstone. This is 
the law of cross-cutting 
relationships.
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The final step, at the highest temperature and 
pressure, is gneiss (remember, pronounced 
‘nice’). In gneiss, distinct zebra-striped white and 
black banding has formed as the mafic and felsic 
minerals form layers, or align. This makes gneiss 
one of the most beautiful rocks of all!

The hidden secrets 
of metamorphic rocks
One of the most useful tools for a geoscientist in 
their quest to discover Earth’s origin story is the 
ability to study metamorphic rocks, and decipher 
the clues contained within them. One of these 
clues is the type of minerals in a metamorphic 
rock, which tells us the history of the area’s 
temperature and pressure. A second clue lies 
within the pattern of layers in gneiss.

When dark and light minerals in a rock align, as 
we see in gneiss, the minerals line up at a right 
angle (that’s 90 degrees) to the direction of the 
greatest pressure. So if the pressure was coming 
from the sides due to tectonic plates squeezing 
rocks together, the layers would be vertical. This is 
described as the rock’s foliation.

Using this knowledge, we can study the foliation 
of metamorphic rocks to help us put together the 
tectonic history of a region. The angle of foliation 
can tell you in what direction the pressure was 
coming from when the plates were moving and 
the rock was forming.

Bowen’s reaction series shows 
the order in which minerals 

form as magma cools. This is a 
simplified version of Bowen’s famous 
original figure.

THE 
PROTEROZOIC 

EON
51



A
ld

o 
M

an
ga

na
ro

/S
hu

tt
er

st
oc

k.
co

m

Thirty kilometres further east, where Uluru was forming, the slopes away 
from the ranges were shallower. Because the big boulders, cobbles and 
pebbles had already come to rest at the foot of the Petermann Ranges, 
only the smaller, sand-sized grains were carried further. These sand 
grains were deposited in flat layers – remember reading about original 
horizontality in Chapter 3?

An interesting feature of the Mutitjulu Arkose that forms Uluru is the 
sharp, angular edges of the grains. If a sediment has rounded grains, 
then the edges have been bumped around and the sharp bits knocked 
off by being transported further over a long time. So the sharp edges of 
Uluru grains suggest that its sediments were deposited relatively quickly 
after being eroded from the Petermann Ranges.

If you look closely at the photo of Uluru, you can see that the layering is 
pretty well upright (vertical). Another mountain-building event, called 
the Alice Springs Orogeny, occurred between 450 and 300 million years 
ago. This orogeny twisted and folded the sediments of the Amadeus 
Basin, leaving the Mutitjulu Arkose standing on its side.

Another feature of the Mutitjulu Arkose is the similar sizes of its grains 
and the lack of faulting, or cracking. This makes it more resistant to 
weathering then the surrounding rocks. For more than 300 million years, 
weathering and erosion has slowly chipped away and sculpted Uluru into 
the shape we know and love today!

The layers of Uluṟu 
were deposited flat, 

but then tipped to the 
angles we see today 
during the Alice Springs 
Orogeny. Uluṟu’s 
distinctive colour is due 
to oxidation of small 
amounts of iron minerals 
– it’s rust! 
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