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Today’s topic: co-evolution of Earth & life

03 Ozone, produced

by plants, algae

Hz0 Liguid water

£ Figure after TPF HP
-._\ .-:‘\.. " - ; &
Methane produced
by living organisms

e Earthis the only known aqua planet so far.

 We need to know how the ocean, atmosphere, and life
have evolved and interacted over Earth’s history.
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Why did the O, levels rise at the t
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Cyanobacter
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~ Q3. Why did the increase in O, occur so
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Q1. How had the early Earth been

seen from space?
Key: Titan (Organic chemistry in CH,-rich atmosphere)

Titan atmosphere
N,: 95-98%, CH,: 2-5%




Q1. How had the early Earth been

seen from space?
Key: Titan (Organic chemistry in CH,-rich atmosphere)

Titan aerosol analog (tholin)
Formed from N,/CH,=9/1 gas mixtures

Titan atmosphere
N,: 95-98%, CH,: 2-5%




Orange early

Atmospheric
composition

Planetarvll ~~ = ~.. . j'\

Oxidizing

= Laboratory experiments are key to predict the
surface environment of Super Earths.

H, CH, P

@ H, He+CH, +NH; S
h Black Super Earths'-’
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Q2. Why 2.5-2.2 billion years ago?

Key: Ocean composition (A decline in Ni abundance in
the oceans from 2.5 billion years ago) (konhauser et al., 2009)

Cooling Earth’s mantle and a decrease in

_ eruption deposits of Ni-rich volcanic rocks.
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Q2. Why 2.5-2.2 billion years ago?

Key: Ocean composition (A decline in Ni abundance in

the oceans frOm 2.5 b|”|0n vears aQO) (Konhauser et al.. 2009)
Ni is an bioessential element for
0.0003

methanogen

_‘_
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S 00002}
- - _ An enzyme of methanogen CHy(H,;COOH
: ﬁ G b

Thermal evolution & a decline in Ni in the oceans

= a methanogen famine & an increase in O,.
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Q3. Why did O, increase so rapidly?
Climate change (A decl
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Osmium (Os) isotopic compositions in

d nCient oceans (Sekine et al., under review)

*Point 1: Continental crusts have high concentrations of 187Os
decayed from 18/Re contained in continents.

189Qg 187Qg

190Q0s 1880g 187Re

*Point 2: Os is a redox-sensitive element, soluble and mobile
in hydrological cycle only under oxidizing atmospheres

Reducing Oxidizing

Os HOsO.

(immobile) (mobile)




Osmium (Os) isotopic compositions in
d nCient oceans (Sekine et al., under review)

Oxidizing atmospheres = seawater 13/0s/1830s > 0.12

= seawater 187/0s/1830s ~ 0.12

e
Current seawater Osidkds

187 188 - wezchering
ydrotherma Os/180s ~

activities
Mantle-derived Os
18705/1880s ~0.12 (low)

(Peucker-Ehrenbrink & Ravizza, 2000)
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Huronian Supergroup (Canada)
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Variation in initial 1870s/1880s (age =2.310.2 Ga)
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Variation in initial 1870s/1880s (age =2.310.2 Ga)
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10 and deglaciation. ez

Climatic recovery acted to accelerate the rise in O,
(by providing continental nutrients (phosphate) for

Espanola Fm
Sandsénne-siltstnne interval
o

=
[

cyanobacteria ?) (Kirschvink et al., 2000; Sekine et al., under review).
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Summary

" In Earth’s history, the evolutions of the atmosphere, ocean,
and climate have been closely related with that of life.

Change in volcanic rocks (Ni-pi)or rocks)

= £
Methanogen famine & decline in CH,
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Summary
Earth is, probably, pet.the only aqua planet.

o
]

"Dap\A‘un" mission (ESA)
Terrestr’al Planet Finder (NASA)

"~ How many reducing atmospheres?
r, something else?




