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Banded Iron

Formations "
Australia l

The banded iron formations (BIFs) of Karijini
Gorge are distinctive units of sedimentary rock

that are almost always of Precambrian age.
Some of the oldest known rock formations.
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Why do we care?






Exoplanets!

3711 confirmed

4496 candidates
927 terrestrial
... and counting!
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https://exoplanets.nasa.gov/



Coming Soon:

Spectroscopic
search for
biosignhatures
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Welcome to the Anthropocene!



| 2
-

CLIMATE INTERVENTION

BOARD ON ATMOSPHERIC
SCIENCES AND CLIMATE

NATIONAL RESEARCH COUNCIL

OF THE NATIONAL ACADEMIES




- DURATION
COST

Building up the atmnsphéra i .

@ Increasing the pressure " = : o
@ Changing air nhemlnal composition lﬁmﬁ]”:'J p; U"J%ﬂ‘ COTILETE:

@ Importing ammonia : :
@ Importing hydrocarbons |

- @ |Importing hydrnen T 0 :
o rl2aiing vy iz okat

~ Mars colonization

® Megascale engineering )
@ Laser-propelled spaceships
@ Building cities on Mars
® 30 printed homes

Elon Musk

"You need to live in a

it i ]2I]Years  50Years  GO0Years | 70 Year dome |n|t|a“y but over
500 Billon USD 700BillionUSD ~ *  9O00BillionUSD 300 Billion USD 1.5 Trillian USD _ time you could terraform
| s Mars to look like Earth
and eventually walk
around outside without
anything on. ... So it's a
fixer-upper of a planet.”
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What caused the
Great Oxidation Event?
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Photosynthesis?
CO, + H,0 = O, + CH,O
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iVFT Knosses 1 X
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iVFT Dresser Formation

@ vft.asu.edu

3

resser. Formation
~ Western Australia
..~ 3.5 billion years old
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Sulfide Minerals
Major reservoir of Mo
React with O,




When O, is absent:

* Mo locked In sulfides
* [MO]cean lOW




When O, increases:

e Sulfides oxidize
* [MO]gcean rises
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Inferring Changes In
Seawater Molybdenum vs. Time
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Molybdenum and Other Proxies Indicate a “Whiff” of O,
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Before the Great Oxidation Event
A Complex Picture

oxidative weathering

on land
*fuels delivery of sulfate,

Mo, and Re to the ocean

A
BSC -

sediments with
heavy Tl

and light 8**Mo

atmosphere

*ABDP9

@ = Mn oxides (MnO,)

Ostrander et al., in review
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Summary So Far

The Great Oxidation Event occurred around 2.3 billion
years ago;

Evidence of microbial mats (“stromatolites”) that might
have produced O, are found as far back as 3.5 billion
years ago;

Molybdenum and other elements in ancient ocean
sediments suggest a slightly oxidizing surface
environment — and hence O, production — at least by 2.5
nillion years ago and maybe a billion years earlier,;

Photosynthesis was necessary for the Great Oxidation
Event but it originated much earlier!



What caused the
Great Oxidation Event?



What kept O, low before the
Great Oxidation Event?



O, In the Atmosphere
C,., Burial is Important

org
| Buildup in Atmosphere

Burial in Sediments




Carbon Isotope Record
Suggests burial of C,, has changed but not enough

0.40 ! v ’ ’ ’ ! |
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Organic burial fraction, f,
o
N
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0.05]- - forg doO€s increase through time (i.e., increased ;_
' net O, production). But it is unlikely to have | | 3
increased enough to overcome sinks... | | N
0 500 1000 1500 2000 2500 3000 3500
Time (Ma)

Krissansen-Totton et al., 2015



What About Geological Sinks?

Escape of hydrogen to space

Subaerial volcanic gases

Continental v
weathering Oxygen, O,
A
"_‘==‘==:-:.:.:,:_TT___
Submarine
Burial of organic volcanic
carbon or pyrite gases

Metamorphic - °

gases

Submarine
weathering

Catling, 2014



Earth’s Interior

An effectively
iInfinite O, sink

http://www.merrittcartographic.co.uk/earth_structure.html



Earth’s Interior
Possible changes

* Change in mantle f,,

 Change In crustal
composition

 Change in composition
or flux of volcanic gases

There is some support
for each of these ideas!

http://www.merrittcartographic.co.uk/earth_structure.html
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Consequences of Cooling
A Geo-Gedanken Experiment

Hot Earth Cold Earth

Rapid surface-deep exchange Slow surface-deep exchange
O, can never rise O, rises easily



ry of the .

The
Volume { (of 4)

Farth,

To understand the Great Oxidation Event we must
develop a theory of Earth system evolution,
Integrating surface and deep Earth geoscience.
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