Review of early Earth

Age: 4.56 billion years (from rock dating)

— Accretion of solar gases and dust
e Likely the result of a supernova explosion in this area

Favorable position in solar system
First atmosphere mostly lost to space (H,, He)

Early atmosphere from degassing (volcanic +
metamorphic): N,, CO,, H,O, noble gases (traces
of CH,, NH;, H,S, etc.)  reducing

Slow cooling let to “torrential rain storm”

Liquid water then “removed” soluble gases
Life likely appeared first in newly formed oceans



First metabolic pathways

CH,COOH CO, + CH, + AE (scavengers)

CO,+4H, CH,+2H,0+AE
(methanogenesis; Archaebacteria)

2 CH,O0+2H*+S0,~ H,S+2C0O,+2H,0
(after availability of sulfate in the oceans)

CO,+H,S+AE 2S84+ (CH,0),+ H,0
(sulfide photosynthesis; sulfur bacteria)

CO,+H,0+AE O, + (CH,0),

first occurrence ~3.8 Ga ago




Banded Iron Formation (BIF)






__u.n_”._.._n_mu__."_

_
| 62 bound

.__.B_u IHM_U_H
[-SE]

0, production

[
&
:
5
[=
:
o

COocuranca of |
continantal Aa
“red badas®™

Oocuranta n_._n.._..
banded iron 7

Formation

o

4.0 3.0 2 .
Time (10? years before present)




abundance

4.5

BIF
3 2 1 0
hﬁw € ﬁmmv shallow
water
photosynthesis
producing
dissolved O2

ANOXIC ocean -

BIF

hydrothermal
Fe2+ and Si



(80) 28y

e

it I

P

<<

87

a7

ST 0 M

(eD) 28y

0T

=
tn

S13¢C carbonates

[
= h =

09-

313C organic matter

| |

tn - Lpd |

= = = =
=]
e
(=1
S5

el




Metabolic pathways using oxygen

e (CH,O0),+0, CO,+ H,O (respiration)

e 2NH,#+30, 2NO, +2H,0+4H*
2NO, +0, 2NOy (nitrification)

e« 2S+2H,0+30, 2SO, +4H*
(Thiobacill)
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