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History of Earth
4.56 Gya - Solar System formation!

• Oldest thing in solar system: Ca-Al 
inclusions in meteorites!

• Dated at 4.56 Gya from Pb-Pb decay!

!

Earth formed soon after !

• Oldest primordial rocks on Earth have 
been eroded or lost!

• Oldest rock formation is in N. Canada, 
4.28 Gya!

• One micron-sized crystal of zircon on 
Earth has been dated to 4.4 Gya!

• Isotopic signature shows that Earth 
was already wet!

Allende Meteorite



Earth’s Earliest Biology?
3.7 Gya 
!
Small graphite ‘globules’ from Greenland.!

Globules are just C now (not hydrocarbons). !

!
!
!
!
Isotopic ratios of 

13
C / 

12
C are depleted, as does photosynthesis today.!

• Evidence that we are seeing cells, photosynthesis, and liquid water!!

• And just 100 Myr after end of late heavy bombardment!

!
But: !

• There are no structures seen, and no hydrocarbons, so some are skeptical!

• Age of the rocks is in question!

• 13
C / 

12
C isotopic ratio might be contamination, not from the graphite?!



3.5 Gya, Barberton Greenstone, Mpumalanga!

3.5 Gya, North Pole, Western Australia!

!

• Very fine-grained fossil structures, from 
cyanobacteria (blue-green ‘algae’)!

• Fossils have ‘kerogen’, hydrocarbon 
from biology, modified by heat and 
pressure.!

!

But: Evidence is not undisputed!

• Most of the ‘fossil’ structures are very 
damaged.!

• Not clear that these rocks were in 
water at the time of ‘life’

Earth’s Earliest Biology?

‘Bacteriomorphs’, 1 micron



Stromatolites
The earliest undisputed evidence of life. 2.7 Gya, Australia.!

Mats of bacteria, living in the ocean, near warm water!
Same cyanobacteria as before… but here we have huge mats and 
circular mounds of them.

Fossilized stromatolites, ~1 meter

• Cell walls!
• Reproduction!
• DNA!
• Photosynthesis!
• Decay (and deposition of CO2 into 

limestone, CaCO3)

Some apparent stromatolite 
fossils date back to 3.5 Gya.!

But ones from 2.7 Gya show 
clear fossils of bacteria.





Living Stromatolites, Shark Bay, Western Australia



Photosynthesis

Requires two photons (because one photon doesn’t have enough energy to strip 
O from H2O). !

Earlier versions of photosynthesis:!

• Used sulfides instead of H2O — more efficient, but ultimately less plentiful.!

• Separated the two-step process amongst two different specie: blue bacteria, 
and purple bacteria.!

!

6 CO2!

Carbon Dioxide
6 H2O!
Water

C6H12O6!

Sugar
6 O2!

OxygenLight



Benefits of Photosynthesis

!

Creates O2 for aerobic metabolism.!

!

Creates O2 for ozone layer. Ozone (O3) protects cells from far-UV.!

!

Origin of photosynthesis is complex and not well understood. !

• But it clearly happened very early — within the first Gyr or less.!

• Cyanobacteria on Earth have been putting out O2 for 3-4 Gya.

6 CO2!

Carbon Dioxide
6 H2O!
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Buildup of Oxygen in Earth’s Atmosphere

“The greatest environmental catastrophe in the history of Earth.”!
!

Oxygen is toxic (i.e., unstable) because it wants to combine with 
almost everything!!

• H2 -> H2O!

• Fe -> FeO!

• CH4 -> CO2!

• NH3 -> N2!



First seen ~ 2.4 Gya !
!

Fe was dissolved in ocean’s H2O. Then precipitated out 
(as rust, FeO2, in Banded Iron Formations) when ocean 
became oxygen-rich.!
!

Direct evidence of oxygen in !
atmosphere, from cyanobacteria.!
 

Banded Iron Formation, 2.3 Gya

Buildup of Oxygen in Earth’s Atmosphere



Oxygen Enables Aerobic Metabolism

Photosynthesis produces glucose. Then:!

• Anaerobic metabolism of glucose makes 2 ATP. !

• Or, aerobic metabolism makes 36 ATP.!

!

Huge energetic advantage of aerobic life made it 
take off in a big way.!

• Enabled eukaryotes, where DNA is within 
their cell nucleus.!

• Eukaryotes = 1000x bigger by volume.!

• Probably started ~ 2 Gya, but fossil record is 
weak — hard to tell difference.

ATP is the immediate energy 
source for nearly all cell 
functions.



The Cambrian Explosion
~ 520 Mya:  As soon as multi-celled aerobic life was 
created, it took over.

Critical O2 level: 10-20%
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Origins of Life

Which of life’s characteristics came first?!

• The structure?!

• The replication?!

• The genetic coding which allows evolution?!

• The use of energy?

Life: Self-replicating, structured chemical 
system which uses energy and evolves.



Origin of Life : Metabolism First?
Self-sustaining chemical cycles using energy and 
catalysts.!
! e.g., metabolism of sugars !
 



Origin of Life : Metabolism First?

Hypothesis: Life formed on the surface of iron-sulfide 
minerals (‘Iron-Sulfur World’ theory)!
!

• Self-sustaining FeS chemistry can occur in hot 
geothermal vents.!
!

• Metals act as a catalyst to reproduce structures 
and make organic chains of increasing complexity.!

!

But, the specific chemistry here has little to do with 
genes, and nothing to do with our own life. Cool idea, 
but probably unrelated chemical chain.

Wächterhäuser, 1980s



Origin of Life : Structure First?
Hypothesis: Clays or crystals serve as origin of life!

• Billions of  molecules can self-assemble into an ordered crystal, 
similar to how aminos form a protein.!

• Layers of inorganic clay (Fe + Si) can encode information!

• Clay can reproduce by by sliding and imprinting, and can mutate 
through impurities!

• Clays can act as catalysts to speed many reactions!

• Inorganic structure, but perhaps this can help build organic chains.!
!

But unfortunately, these processes have not been successfully 
demonstrated in the lab.!
!

And, there is no evidence for any clay-based chemistry in Earth’s life.

Cairns-Smith, 1970s - 1990s



Origin of Life : Cells First?
Lipids (i.e., oils, cholesterols, soaps, etc.) could make 
membranes, cell walls, globules.!

!

Lipids’ semi-permeability allows for control and self-
reproduction of cells?!

!

Lipids are not rare: seen on meteorite Allende.!

!

But: !

• No one’s been able to make self-reproducing lipids 
in the lab.!

• Our DNA is not lipid-based - only our cell walls are.

Lancet & Deamer, 1990s



Origin of Life : Genes First?

Biochemists started looking for an organic 
molecule that could copy itself.!
!

RNA had been known for a long time, and 
studied for its small role in transporting 
DNA information.!
!

But it was not thought to be a general-
purpose foundation.



But work by Cech in 1981 showed that RNA was far 
more versatile than previously thought!!
!

• Can cut DNA!

• Can link DNA, link RNA!

• Can cut peptide bonds!

• Can copy itself!

• Can store information!

• Can catalyze a slew of chemical processes

Origin of Life : Genes First?

RNA World Hypothesis: RNA was the original 
source of life on Earth.  All DNA-based life 
evolved from RNA-based life



DNA vs. RNA
RNA has one strand, not two!

!
RNA is much simpler and 
shorter than DNA. 189 
nucleotides (U, A, C, G), not 3 
billion.!

!
RNA is less stable than DNA.!

!
RNA is simpler and easier to 
form.!

!
RNA has a structure, and carries 
an arbitrary genetic code.!



Problems with RNA World model

While simpler than DNA, RNA is still a very long 
molecular chain, which is difficult to produce merely ‘at 
random.’!
!

Every single one of the 189 nucleotides has the same 
chirality. Odds of this happening at random: 2189?!
!

Despite trying, no one has successfully built RNA in the 
lab. !

• Best so far: 14 nucleotides, not 189.





Panspermia from the !
crackpot perspective
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