
Earth’s Formation:
4.6 Billion Years ago

• Formed from interstellar gas & dust into molten planet

• Earth’s early atmosphere was hostile, 
made of carbon monoxide, methane, 
ammonia, nitrogen, nitrogen, sulfur, 
hydrochloric acid, etc.

• Volcanic eruptions

• No free oxygen

• No water



Earth’s Early Atmosphere
• The early atmosphere would have been similar to the Sun--

mainly hydrogen and helium, but this atmosphere was lost 
quickly for two reasons:
• They were too light, and escaped Earth’s atmosphere

• It appears that around 30 million years after the earth’s formation, it 
was struck by a large object…the size of Mars (planetoid named Thea)
• The result:  the origin of the moon and loss of earth’s early H, He atmosphere.



Birth of the Moon



• Asteroids continually struck the 
Earth, eventually bringing 
water to the planet. 

• Earth’s surface began to cool 
around 4.0 billion years ago



• As Earth’s surface began to cool, the water condensed, forming our 
oceans. 

• Clouds formed, producing enormous volumes of rainwater.

• Cooling also created Earth’s 
rugged, rocky surface.

• Despite this cooling, the atmosphere
was still toxic, void of life, and 

considerably warmer.



Earth’s Second Atmosphere
• A new atmosphere was established by the outgasing of 

volcanoes…the mixture of gases was probably similar to 
those of today’s volcanoes:
• H20 vapor (roughly 80%)

• CO2 (roughly 10%)

• N2 (few percent)

• Small amounts of CO, HCL, HS (Hydrogen Sulfide), SO2, CH4

(Methane), Ammonia (NH3), and other trace gases.



Miller & Urey

1953: They simulated conditions of early 
earth in a flask by combining water, 

ammonia, methane and hydrogen to prove 
that complex organic compounds formed 

on early earth.



What was the Miller-Urey Experiment?



Where did life begin?

• Land is unlikely
• UV destroys molecular bonds

• Shallow ponds 
• Once favored, now thought unlikely
• When evaporated, organic chemical concentration increases making it 

easier to combine complex molecules leading to life
• Current experiments indicate lack of chemical energy sufficient to 

support life

• Deep-sea vents/hot springs—Current Best Theory
• DNA evidence suggests that early organisms survived in conditions 

similar to deep-sea vents
• Plenty of chemical energy available



• Estimated first life:  3.5 billion years ago. 
• (new studies are showing signs that life may be much older though!)

• Early earth contained all the ingredients  to make up 
organic molecules, such as DNA (C,H,O,N,P)

• In the primordial “soup” of the early seas, organic molecules concentrated, formed more 
complex molecules, and became very, VERY, simple cells.

First life on Earth:  Single-celled Bacteria!

Fossils of 3.5-billion-year-old microbial communities were 
discovered in Australia

Cyanobacteria



Evidence of Life 3.95 Billion Years Ago



The Third Atmosphere

• The development of photosynthetic organisms leads 
to an atmosphere full of oxygen! 
• Remember: Photosynthesis uses light, water and the CO2 from the 

atmosphere and releases O2

• There was plenty of CO2 to fuel them!!!



Snowball Earth
•Oxygen reacts with the atmosphere and causes a 

reduction in our greenhouse effect

• Led to snowball Earth.

•Killed off many organisms both because of 
temperature and the fact that oxygen was poisonous 
to them



Modern Atmosphere
• Slowly, volcanoes give off enough greenhouse gasses to balance 

out the oxygen and give us back our greenhouse effect.

• Organisms that survived the cold and oxygen now begin to 
thrive!



With the introduction of oxygen (from photosynthesis), life began to 
get more complex within the oceans. 

2 billion years ago:  Eukaryotes 
and multi-cellular life arose. 



• 570 million years ago

• Invertebrates, fishes, amphibians and plants 
become widespread

• The first vertebrate animals colonized land!

Cambrian “Explosion”
• Explosion of new species of all varieties

Trilobites ruled the ocean



What did the Earth look like during the Cambrian explosion?



• 245 million years ago

• Lush, flowering plants evolved, 
providing food for the growth of huge 
reptiles and dinosaurs.

Age of reptiles & 
dinosaurs!



Age of mammals & humans!

• 65 million years ago
• Began with the extinction of the dinosaurs

• Without dinosaurs around, smaller mammals 
(including humans) were allowed to flourish

• We are still in the Cenozoic era today!



• First hominids (early humans) show up around 2 
million years ago 

• We are constantly finding evidence that could push this 
timeline back

• First show up in Africa

• Modern Homo sapiens emerge around 200,000 
years ago



Visualization of Human Evolution


