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What period of time are we talking about?




Van Kranendonk
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Major ice ages
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roterozoic|

Cryogenian

First appearance of metazoans and glacial deposits

1000

Environment stability;

¢ [
Rodinian reducing deep oceans

Mesoproterozoic

1500

Supercontinent formation
(Columbia/Nuna)
2000

Lomagundi-Jatuli isotopic excursion

Oxygeman’ Glaciations; rise in atmospheric O,

2500

Deposition of BIF; waning continental growth

Major crustal growth and recycling

Basin deposition on stable continents

‘Pongolan’

3000

Growth of stable continental nuclei;

G ,
Vaalbaran oldest macroscopic evidence for life

3500

First preserved sedimentary rocks,
with chemical traces of life

Oldest preserved pieces of continental crust

4000

Rapid crust formation and recycling;
continued heavy meteorite bombardement

Accretion of giant Moon-forming
impact event

4500

542
630 T First appearance of Ediacaran Fauna

850 T First appearance of 3'°C anomalies

First appearance of sulphidic
marine deposits

1780

2060 End of LJE / Start of shungite deposition

First appearance of +ve 613C anomalies
+/or breakout magmatism

2250

2420

First appearance of glacial deposits

2630 First appearance of Hamersley BIF
First appearance of continental flood
basalts and/or +ve  "C Kerogen values

2780

3020

First appearance of terrestrial basins

g A L4

3490 T First appearance of macroscopic
fossils (stromatolites)

3810 @ Earth's oldest supracrustal rocks

4030 @ Earth’s oldest rocks (Acasta Gneiss)

@ Earth’s oldest crustal material
(detrital zircons)

4404

4568 @ Formation of the solar system



4000 - 4030 @ Earth’s oldest rocks (Acasta Gneiss)
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. . Accretion of giant Moon-forming
4500 — ‘Chaotian impact event

4568 @ First solids in the protoplanetary disk



How do rocky planets obtain atmospheres?

1. Capture of nebular gases

3. Later surface impacts




What material are we working with?




Lodders (2003)

TABLE 5

PHOTOSPHERIC Z/X IN ELEMENTAL
ABUNDANCE COMPILATIONS

Z/X Year  Reference
0.0270............... 1984 1
0.0267 .............. 1989 2
0.0245 .............. 1993 3
0.0244 .............. 1996 4
0.0229 .............. 1998 5
0.0208 .............. 2002 6
0.0177 .............. 2003 7

REFERENCES—(1) Grevesse 1984; (2)
Anders & Grevesse 1989; (3) Grevesse &
Noels 1993; (4) Grevesse et al. 1996; (5)
Grevesse & Sauval 1998; (6) Grevesse &
Sauval 2002; (7) this work.
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What processes make planets?




Planets

oO’o

Embryos

Planetesimals

Elkins-Tanton (2012) Ann.Rev.



1693: Leibniz suggests in his book
Protogaea that the Earth was once
molten

Gottfried Wilhelm Leibniz Bibliothek, Hannover



Planets retain volatiles
during accretion

Moon, Mars, Mercury

Water, carbon, ..., helium!




Elkins-Tanton.
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Some volatiles inside, some volatiles outside.




The maximum water capacities of mantle minerals vary widely
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Maximum bulk water content retained in planetary mantle
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Kind of meteorite: Dominant
atmospheric specie

de\cy@f‘%@w@

Earliest degassed atmospheres vary with oxidation state, and all are a
long way from current day

DATA from Schaefer and Fegley (2010), Hashimoto et al. (2007), Elkins-Tanton and Seager (2008)
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