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To kick off this series of articles on selected themes from the Inter-
national Year of Planet Earth, we begin at the beginning with 
a short history of the evolution of life on Earth. Even a brief 

summary of this history takes some telling, so the story has been 
divided into two parts, the first on the ancient Earth during Precambrian 

times (4900–542 million years ago) and the second part, due to appear in 
the next issue of A World of Science, on the past 542 million years, the 
Phanerozoic. 

The rise of animals is a story written in stone. It is a story with missing 
chapters, as the fossil record remains fragmentary. nonetheless, palaeontologists, 

geologists, climate modellers, biologists and so on can already pore over a wealth 
of evidence covering millions – even billions – of years: mineral deposits which provide clues to the shift 
of continents, palaeoecosystems, trends in sea level and climate variations, as well as fossils of bacteria, 
tiny algae, archaic plants and ancient animals which trace the rise of the animal kingdom and many of 
evolution’s success stories and failures. 

By providing insights into the functioning and stability of palaeoecosystems and biodiversity dynamics 
over long time scales, this research helps scientists understand the modern Earth and intelligently try to 
predict its future. At the same time, it provides an invaluable treasure for industry, given the high economic 
stakes inherent to identifying and exploiting the world’s mineral deposits and the remaining stocks of such 
fossil fuels as oil, coal and gas. 

The rise of animals (Part I)

Visions of Hell would not be far off  from what the Earth 
was like in its infancy five billion or more years ago. It 
had no atmosphere, no water, nor any stable surface on 
which soil could form. Around this ancient Earth circled 
a huge, red Moon, closer than it is today. A faint Sun 
hung in a black, star-studded sky. Knifing through the 
darkness were thousands of  extraterrestrial visitors, me-
teorites that blasted the Earth’s dark surface. Enormous 
clouds of  rubble rose silently from each impact before 
falling quickly back to Earth, there being no atmosphere 
to suspend particles or transmit sound. 

Thanks to the gases and water produced by volcanic 
eruptions, the oceans and atmosphere began to form. 
The size of the Earth and its distance from the Sun made 
it possible for water to remain liquid rather than turning 
to ice or boiling away. 

The hostile Archean

The oldest known minerals1 on Earth are around  
4.1–4.5 billion years old: zircons and diamonds from 
Western Australia. After this period, the Earth began 
to cool towards the present. 

Some time later, the first evidence of life appeared on 
Earth, a period dominated by bacteria. Certainly, by 
3.8 billion years ago, life had originated. The advent of  
animals would have to wait nearly another 3 billion years. 

Modern stromatolites forming in Shark Bay  
in Western Australia, a World Heritage site. 

Structures like these were formed by 
microbial mats as long ago as  

3.8 billion years 
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The ancient environments that fostered this first  
life were very different from those of  today. There 
was very little oxygen. As a result, Archean environ-
ments favoured the formation of  major ore deposits 
dominated by lead, zinc and iron, all critical to industry 
today. 

Some of  these ancient deposits are unique to this 
time and no longer form in any quantity. This is the 
case of  banded iron formations (BIFs), examples 
of  which are found in the state of  Western 
Australia, southern Africa and northern 
North America. BIFs are brightly 
coloured red and often black rocks 
that are finely layered; layers of 
iron alternate with mudstones and 
glassy rocks made of  silica, known as 
cherts. BIFs seem to have formed when 
cyanobacteria released oxygen which 
in turn caused iron to be deposited 
as red oxides. When there was little 
oxygen around, the muds and cherts 
were laid down. 

The oldest known rocks on Earth 
are the Acasta gneisses from northwest Canada, dated 
at 3.8–4.05 billion years. They are rich in silica, the 
mineral that makes up glass. Slightly younger rocks 
come from southwest Greenland in the Isua Greenstone 
Belt; these are dated at 3.7–3.85 billion years of  age. 
After initial formation, these rocks were later heated 
and folded (metamorphosed), at least twice. Despite a 
real effort, geologists studying this part of  Greenland 
could find no evidence of  continents or the terrestrial 
sediments associated with them. One can surmise from 
this that oceans covered the surface of  the Earth at 
this time. 

The first signs of life 

One of the first signals that life was 
present 3.8 billion years ago are the 
stromatolites found in rocks dating from this period. These 
structures are still forming today in places like Shark Bay 
in Western Australia (see photo) and the Persian Gulf, 
so we can compare present structures with their ancient 
remnants. Stromatolites can take many different shapes. 

They are layered sediments whose deposition 
is brought about by micro-organisms; these 

micro-organisms either bring about the 
laying-down of finely stratified limestome 
or trap sediments within their extensive 
microbial mats. 

Other evidence of early life are the 
chemical biomarkers left in sediments 
by living organisms, which occur in 

rocks older than those containing 
the first stromatolites, and actual 
fossilized cell structures! 

No DNA, no future!

What is life and how does it differ from non-life? Life 
is an organized system of  chemical reactions which 
take place in a confined space, usually a cell. Life is 
a self-perpetuating series of  chemical reactions and a 
self-assembling dynamic system. Life gets its energy 
and structure from basic nutrients (amino acids, sugars 
and fats) by a process called metabolism. Where all 
this takes place, inside the cell, is separated from the 
outside environment by a membrane. Importantly, 
this allows chemical reactions to take place inside the 
cell quite independently of  the outside world. The cell 
membrane still allows communication with the outside 
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Fossilized cells from rocks that are 
more than 900 million years old in the 
Macdonnell Ranges of central Australia, 

just a few microns in diameter
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but regulates what comes in and what goes out; it is the 
doorkeeper. 

Living systems must also store information in the form 
of a microscopic structure called deoxyibonucleic acid 
(or DNA). Any life form must also be able to repair this 
DNA when damaged to ensure its future. 

Escape from a hydrothermal prison

Life needs liquid water but can survive in a great variety of 
environments ranging from the very hot to the very cold. 
Some of the most primitive life forms we know today are 
what we call hyperthermophiles. These hyperthermophiles 
(the Archaea and Bacteria) are organisms which truly 
enjoy living in water at 80–110°C or even much higher 
temperatures, and can withstand pressures of  up to  
265 atmospheres2. The life that was around by 3.8 billion 
years ago is likely to have been derived from these 
hyperthermophiles; it would likely have first developed 
around hot springs or vents associated with oceanic 
spreading ridges where the interior of the Earth flows 
upwards and interfaces with water. 

With the development of  photosynthesis3, which 
cyanobacteria were the first to master, oxygen became 
available; oxygen combined with carbon chains to form 
sugars, fats, proteins and the building blocks of organic 
matter. Once life began to produce oxygen, it could 
escape its hellacious hydrothermal prisons.

Earth begins to look more familiar 

By the beginning of the Proterozoic 2.5 billion years ago, 
the Earth would have begun to look more familiar to us. 
The oxygen produced by cyanobacteria was accumulating 
in increasing amounts. The ozone blanket around the Earth 
would have formed as the oxygen being produced interacted 
with sunlight. This provided protection for the genetic 
material in living systems, greatly reducing mutation. 

Oceans themselves changed a great deal. Proterozoic 
oceans on Earth held much more oxygen at the surface 
than their oxygen deserts at depth. These were oceans at an 
intermediate stage between the oxygen-starved (anoxic) Ar-
chean seas and the well-oxygenated oceans of today. Levels 
of carbon dioxide (CO2) and methane were likely higher 
than today and the Sun was likely less bright. Despite this, 
the Earth began to cool towards the first major global gla-
ciation, the most severe ever in the history of the planet.

Sometime after this, oxygen began to build up in quantity 
and the first organisms with a defined nucleus (eukaryotes) 
appeared. Bacteria still dominated the seas and the deeper, 
less oxygenated ocean depths, forming vast microbial ‘pas-
tures’ for the first animals to graze upon. 

The emergence of continents 

At some stage during the Proterozoic, plate tectonics 
switched on. This was a consequence of the convection 

How scientists measure geological time

Fossils are the primary basis for the definition of the Geologic time 
scale, which divides earth history into a series of eons, eras, periods 
and epochs. 

the Archean and Proterozoic eons described on these pages are 
the time of ‘hidden life’, as during most of this period the only orga-
nisms were single-celled microbes which left few fossils. 

the Phanerozoic eon is subdivided into the Palaeozoic (or era of 
Ancient Life), the Mesozoic (or era of Middle Life, informally known 
as the Age of Reptiles) and the Cenozoic (or era of Modern Life, also 
called the Age of Mammals).

some of the methods for constructing a sequential history of 
life or of geological events give only relative dates, or the order  
in which one event occurred relative to another. Relative 
dates can be determined by examining the sequence of 
rock layers: the oldest rocks lie below the younger 
ones unless, of course, tectonic activity has overtur-
ned the sequence.

Absolute dating of rocks was not possible until 
well after the beginning of the 20th century. All 
absolute dating techniques rely on the principle 
that radioactive processes proceed at a constant 
rate under the range of temperature, pres-
sure and chemical conditions typical of the 
earth’s surface. here are two of the most 
common methods.

the Potassium–Argon technique is used to date rocks ranging  
from 1 million years to as much as 4 billion years old. this 
radioactive dating technique relies on the principle that, after a 
known period of time, called the half life, the amount of original 
radioactive material remaining is reduced by one-half because  
of radioactive decay. this decay continues halving the radioac-
tive material at the same rate, until the amount remaining is  
infinitesimally small, essentially undetectable due to background 
radiation from space. 

Another radiometric technique is the familiar Carbon 14 method. 
this is often used to date charcoal and plant material found at sites 

not older than about 35 000 years. Carbon 14 has too short a 
half life (5700 years) for it to be useful in old rock sequen-

ces. Carbon 14 is only one of the three forms (isotopes) 
of carbon, the other two being Carbon 12 and Carbon 
13. Whereas Carbon 14 is radioactive, Carbon 12 and 
13 are not. thus, whereas the quantity of Carbon 
14 declines with decay, Carbon 12 and 13 remain 
unchanged forever, unless the rock is unduly heated 

or chemically altered. thus, by measuring the ratio of 
Carbon 14 to Carbon 12 and Carbon 13 in fossil mate-

rial, we can pinpoint the age of a fossil.

Source: Vickers-Rich, P. and Rich, T. H.(1999)  
Wildlife of Gondwana. Indiana University Press.

Fossilized Parvancorina, one  
of the Ediacarans, from the Flinders 

Ranges in South Australia
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of material upwards from the Earth’s 
hot interior, heated by both gravity and 
radioactivity. This produced the first 
fully terrestrial environments. From now 
on, plate tectonics would continuously 
change the positions of the continents, 
open and close ocean basins, cut off or 
alter the pathways of ocean currents 
and build or destroy continents. 

The Earth’s upper 100 km or so be-
came divided into a series of  brittle 
plates containing both continents and 
ocean basins. The collision of some 
of these plates built mountain chains 
which locked up heavy metals, such as manganese, iron, 
zinc, copper and chromium, as well as carbon stored 
in the buried remains of organisms for lengthy periods. 
This in turn had an effect on climate by removing CO2 
from the oceans and atmosphere, thereby lowering 
temperatures. The first shallow, sunlit seas developed 
on the new, broad continental shelves, areas that today 
nurture great biodiversity. 

Meanwhile, the oceans began to mix for the first time 
in the Earth’s history, with the nutrient-rich bottom 
waters welling up from below, injecting energy-rich food 
into those shallow, clear seas and thereby stimulating 
the development of new life forms. This upwelling was 
brought about by water masses colliding with the newly 
formed high-standing continents.

The first animals

It was during the dynamic times of  the Proterozoic 
that the first animals (metazoans) and plants appeared, 
perhaps as early as 1.8 billion years ago. These animals 
were some of the first multicelled organisms. Lacking eyes 
and ears, they depended entirely on touch and chemical 

signals to evaluate their surroundings, 
just as jellyfish and worms do today. 
To us humans, with such emphasis on 
vision, this seems a bizarre, almost 
unimaginable world, one that can 
only truly be appreciated by those who 
cannot see or hear.

How ice ages fostered the rise of 
animals

Ice ages are unusual in the history of 
Earth. When they occur, they have a 
massive impact on life. About 750 mil-
lion years ago, global temperatures fell 

dramatically. This is revealed by the study of oxygen and 
carbon isotopes preserved in sediments and by the sudden 
appearance of other sedimentary features, including 
diamictites. The latter were massive sediments whose 
chaotic internal structure indicates they were laid down as 
massive ice sheets melted. 

There had been ice ages before, in the Archean, but 
these Proterozoic ice ages were severe and may have had a 
major influence on the origin of animals. This is because 
colder waters hold more oxygen and most animals need 
oxygen. But animals did not appear in the fossil record 
immediately with the onset of these ice ages. This may 
have been because the seas were simply too salty, forcing 
the first animals to live in very restricted environments. It 
would explain why they did not leave extensive fossils. Most 
animals do not prosper in super-salty environments.

Sometime between 630 and 580 million years ago, huge 
salt deposits formed globally. These are best preserved in 
Australia, Iran, Oman, Pakistan and Saudi Arabia. These 
salt deposits indicate a drop in salinity levels in seawater. 
Before its removal from the oceans, salt in the seas could 
have been 1.6–2 times what it is today – not a problem 
for cyanobacteria or bacteria in general but it could have 
posed a real dilemma to the first animals. 

With the seas becoming less salty, those animals that 
had developed during the cold times when oxygen levels 
were higher, but which may have been restricted to less 
salty areas, such as river mouths where freshwater mixed 
with ocean water, could almost immediately find new 
homes in the oceans. They could have quickly moved into 
these global playgrounds. They have left records of their 
going which show that they moved into a vast number 
of new niches. 
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Tracing the rise and fall of the Ediacarans

Mikhail Fedonkin (Russia), Patricia Vickers–Rich (Australia) and Jim Gehling (Australia) are leaders of a six-year project 
to 2008 which is tracing the rise and fall of the ediacarans, which appeared in the fossil record about 580 million 
years ago before disappearing for the most part by 542 million years ago.

 the project involves scientists from Africa, Asia, Australia, europe, Latin America and north America; it sets out to 
date with precision those events which affected the ediacarans during the Proterozoic, including changing environ-
ments, climates, global ocean and atmospheric chemistry and palaeogeography. the most diverse fossil assemblages 
of ediacarans can be found in parts of Australia, newfoundland in eastern Canada, namibia and Russia but there 
are also fossil records in China, india and north America, the uK and ukraine. the team has also attempted to locate 
new fossil records in Latin America and elsewhere – with some success, as it has been able to publish on possible 
ediacarans from the Puncoviscana Formation in northwestern Argentina. More prospecting in the region is needed 
however, as the forms found by the team were not very detailed.

 As part of outreach to the public, the project has produced a popular book on The Rise of Animals, due out before 
the end of the year. it has also put together a touring exhibition called Before the Dinosaurs, the First Animals on 
earth (see photos). several public lectures have been organized and a large number of new reconstruction artworks 
have been commissioned, some of which illustrate these pages. in 2005, the project organized a special stamp issue 
with Australia Post on the theme of Creatures of the slime, an allusion to the preferred food of microbial mats!  

the collection comes with a teaching guide and module. the project is also 
working with many museums to assist them in storing and databasing the 
ediacaran fossils in their collections. 

the project is sponsored by the international Geoscience Programme 
(iGCP), set up by unesCO in 1972 and coordinated ever since by unesCO 
and the international union of Geological sciences. every year, the iGCP 
makes a call for project proposals. upon being accepted in 2003, the Rise 
and Fall of the Vendian (ediacaran) Biota became iGCP project 493. A sam-
ple of the project’s findings form the backbone of the current article.

Project website: www.geosci.monash.edu.au/precsite/index.html 
On the IGCP: m.patzak@unesco.org; www.unesco.org/science/earth

The ‘building blocks of educational jewellery’, 
sketches of Tribrachidium (left) and Parvancorina. 
Earrings, tie clips and pins in the shape of  
these two Ediacarans were commissioned by the IGCP 

project from Australian 
artist Robert Fensham and 
displayed in the touring 
exhibition. Each piece 
of jewellery comes 
with a small tag 
explaining the 
significance of 
these ‘fashion 
accessories’

The exhibition Before the Dinosaurs, the First Animals on earth opened at the Fukui Prefectural Dinosaur Museum in 
Japan in July 2006 and drew close to 100 000 visitors in three months. It was the first time that most of the material 
from Russia, Namibia, Australia, Newfoundland and several other spots had been exhibited together

Andrey Ivantsov from the Palaeontological Institute  
in Moscow prepares a soft toy Kimberella for display  
in the exhibition 
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This could explain why the fossils that most scientists 
accept as being of the first animals, the Ediacarans, appear 
almost overnight in the fossil record practically worldwide 
around 580–560 million years ago, long after genetic stud-
ies predict that metazoan animals should have diversified.

Meet the Ediacarans

Over millions of years, the first animals on Earth, the soft-
bodied Ediacarans, experimented with new designs. Some 
of these designs seem to have given rise to groups we know 
today, like the probable Ediacaran mollusc precursor, 
Kimberella. Others, such as Bradgatia and Charniodiscus, 
may have been unsuccessful, leading to their demise. 

What is certain is that these new forms appeared in 
the late Proterozoic. Those that gave rise to later forms 

in the Phanerozoic changed 
the oceans forever. The sea 
bottoms, which had been 
covered by microbial mats 
in the Archean and Protero-
zoic, when sediments had 
lain undisturbed, were now 
being plowed and burrowed 
extensively. 

Ediacarans came in different shapes and sizes. They 
are often preserved in the silica-rich sediments laid down 
in marine waters in such places as the White Sea region 
of  Russia, the Flinders Ranges of  South Australia and 
the Avalon Peninsula of  Newfoundland on Canada’s 
east coast. These sediments indicate that the Ediacarans 
lived in cool marine environments, as these favour the 
deposition of  silica-rich sediments. In the sandstones 
and clays of  southern Namibia, Ediacara macrofossils 
are common and may have been deposited during cool 
episodes. 

Yet fossils of some metazoans from this time have also 
been found in the deserts of Namibia and in other parts of 
the world in younger carbonate-rich sediments, suggesting 
that some had adapted to warmer times. In the pure car-
bonates of ancient Namibia, Cloudina, Namacalathus and 
Namapoika were the first metazoans to form reefs. This 
is especially true of Cloudina which, with its thin shells 
made of calcium carbonate, was present nearly worldwide. 
Cloudina lived at a time when the salinity levels of oceans 
may have been similar to those of today, some 548 million 
years ago.

The collision of a number of tectonic plates bearing 
continental masses brought about the formation of an 
8000 km-long mountain chain between 650 and 500 million 
years ago, thereby forming the supercontinent Gondwana 
(see map overleaf). The rivers draining this ‘supermountain’ 
may have introduced massive amounts of nutrients into 
the oceans, as well as the first concentration of materials 
for building skeletons and shells. Higher temperatures, too, 
would have favoured the depo-
sition of calcium carbonate, the 
basic building block of shells. So, 
both ocean water chemistry and 
temperature may have played 
a role in the origin and expan-
sion of the metazoans and the 
first development of shells in the 
‘ocean playgrounds of summer’.
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On the left is the shallow ocean bottom in the late Precambrian 
(Neoproterozoic) times when animals neither burrowed nor possessed 
hard parts. Conditions changed dramatically in the Cambrian, beginning 
about 542 million years ago, as the diagram on the right reflects. Hard 
parts began to appear, animals began to burrow, some even gained eyes 

From The Rise of Animals, Johns Hopkins University Press (2007)

Artist’s impression of Ediacarans, the first diverse assemblage of animals on Earth, 
as fossils (bottom) and reconstructed. Among the reconstructions, the two tall and 
one short leafy-looking creatures on the far left are Ediacarans by the name of 
Charniodiscus. Next to them from left to right in the upper row are tribrachidium 
and Dickinsonia then, in the lower row, spriggina, Kimberella and inaria. Kimberella 
is of special interest: a probable precursor of the modern mollusc, this animal could 
move and left feeding traces in the microbial mat surface

Reconstitution by Peter Trusler Reconstitution by Peter Trusler
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The development of shells heralds the advent 
of the Phanerozoic 542 million years ago. Once 
organisms were able to produce hard tissues 
and deposit skeletons and shells of various 

kinds, the fossil record literally ex-
ploded with variety. Skeletons have 
many advantages for their bearers. 
Muscles can be attached to them, 
resulting in a more efficient use of 
energy in locomotion and feeding. 
External skeletons can provide 
armour to protect against both 
predators and competitors. By 
providing flexibility and oppor-

tunity, skeletons were necessary 
ingredients for the development of 

the first vertebrates, primitive fish.

Our story pauses on the cusp of the 
Phanerozoic. The term for this eon means 
“visible or obvious life”. The Phanerozoic is so-
named to reflect the richness of the fossil record 
from this time onwards. This is because many 
of the animals that follow have left behind hard 

skeletons that were easily fossilized. Their forerunners had 
not been so graciously endowed. 

When we take up the story again in January, it will be  to 
see a parade of living things ever-increasing in complexity, 
from snails and ammonites to amphibians, dinosaurs and 
other reptiles, and mammals, including our own ancestors, 
the first hominids.

Patricia Vickers–Rich with  
Peter Trusler and Draga Gelt4

This article includes excerpts from The Rise of Animals 
co-authored by Mikhail Fedonkin, James Gehling, Kath-
leen Grey, Guy Narbonne and Patricia Vickers–Rich. Johns  
Hopkins University Press, Washington (USA), 2007:
www.geosci.monash.edu.au/precsite/index.html; 
www.press.jhu.edu/books/index.html

1. Rocks are aggregates of several minerals. Some rocks are made up 
of largely one tye of mineral, like marble which is essentially made 
of calcite

2. On today’s hyperthermophiles, see A World of  Science, April 2006

3. Photosynthesis is the chemical reaction whereby the Sun’s energy 
causes water to be broken down into its component parts, hydrogen 
and oxygen. Organisms which carry out photosynthesis are called 
phototrophs. Today, plants are the predominant users of photo- 
synthesis. In aquatic environments, examples of phototrophs include 
algae and cyanobacteria

4. Respectively: School of Geosciences at Monash University 
(Australia). palaeontologist and artist at Monash University; and 
draftswoman at Monash  University  

This fossil shows one of the earliest known animals on Earth, Mawsonites. 
These Ediacarans lived more than 550 million years ago in shallow seas in 
many parts of the world. It is because Ediacarans were first recognized 
as being Precambrian in age in the Ediacara Hills of southern Australia 
that scientists have coined the collective term for them of 
Ediacara Fauna. Although most Ediacaran animals were 
entirely soft-bodied and did not produce hard parts 
such as shells, teeth and bones, some forms grew 
up to 1 m in length. They were perhaps similar 
in appearance to modern sea-pens, chitons and 
snails or worms. It is thought that many of these 
animals fed by grazing or absorbing nutrients from 
the widespread microbial mats which covered the 
sea floors of the time or that they filtered food 
particles from sea water. Soft-bodied animals are 
not normally preserved as fossils, due primarily to 
the fact that, once they die, their corpses are eaten 
by other animals. More than 542 million years ago, 
though, there were no large scavengers to feed on 
dead Ediacaran animals. The dead bodies thus remained 
on the sea floor, where some were embedded in mud and 
eventually preserved as fossils. Rapid burial and the formation of 
pyrite ‘death masks’ around the dead Ediacarans also helped to preserve 
them. 

(With thanks to Bettina Reichenbacher, Michael Krings and Wighart von Koenigswald)
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Samples of sandstone collected from different continents contain 
grains of zircon with remarkably similar ages. This indicates that 
those sedimentary rocks all came from a similar source. The most 
likely candidate was a gigantic mountain range straddling the 
supercontinent Gondwana, which would have formed 650–500 
million years ago. Erosion of the supermountain not only flushed 
huge amounts of sand, silt and other sedimentary rocks into the 
oceans but also many of the nutrients that were vital for the explosion  
of animal life on Earth

Source: Rick Squire/Monash University
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Photo and custody of fossil: Natural History Museum Senckenberg, Frankfurt/Main, Germany
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