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Early Earth



Early Earth

Many varied environments, each containing
multiple different reaction conditions



Example of an environment with varying conditions:
Hydrothermal vents
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Hydrothermal systems
contain many different
conditions
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Example of an organic reaction affected by changing conditions

Fe(ll,1ll)-hydroxide RedUCtlon /
mineral reductive
amination of
pyruvate & A simple abiotic organic reaction with
A glyoxylate known products — but, geochemical
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Effect of iron hydroxide mineral Fe(ll)/Fe(lll) ratio

reacts to form alanine and lactate in

o
the presence of minerals, but the Fe redox [keiag N © Tl
state determines which product is favored . o O

Lactate Pyruvate Alanine

T=70°C

Alanine formation is favored at
intermediate Fe redox state

c. (mhd)

0N

100% Fe(lll) A

Pyruvate
Alanine
i actate
No alanine forms at pH 7 Lactate

c. (mi)

0N

Barge et al. 2020, JGR-Planets 125, 11 e2020JE006423
Barge et al. 2019, PNAS 116 (11) 4828-4833



Effect of iron hydroxide mineral Fe(ll)/Fe(lll) ratio
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Effect of pH

Pyruvate reduction to form lactate is favored at low pH :.: *ﬁ'
Reductive amination to alanine is accelerated above the A0
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Effect of pH
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Effect of Minerals and Temperature
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Effect of Minerals and Temperature
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Effect of Minerals and Temperature
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Effect of ammonia concentration

Increasing [NH,] increases glycine yield at a given %Fe(ll).
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Effect of ammonia concentration

Increasing [NH,] increases glycine yield at a given %Fe(ll).
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Prebiotic conditions produce reactive species and radicals
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Image: Gregoire Cirade, Science Photo Library Image: NASA



Prebiotic conditions produce reactive species and radicals
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Other chemical species can affect key parameters for organic chemistry
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Other chemical species can affect key parameters for organic chemistry
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Even if life is not present, remnant abiotic / prebiotic chemistry
might exist on other solar system bodies

Images: NASA




Even if life is not present, remnant abiotic / prebiotic chemistry
might exist on other solar system bodies

The threshold for biosignature identification changes depending
on the organic chemical state of the planet

Images: NASA




[A. Prebiotic B. Biologically C. Organic  D. Functional E. Protocells F. Life
milieu relevant molecules polymers polymers

Barge L.M., Rodriguez L.E., Weber J.M., Theiling B.P. Determining the “Biosignature Threshold” for Life Detection on Biotic, Abiotic, or Prebiotic Worlds.
Astrobiology 2022, 22,4,481-493, http://doi.org/10.1089/ast.2021.0079.



[A. Prebiotic B. Biologically C. Organic  D. Functional E. Protocells F. Life
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Barge L.M., Rodriguez L.E., Weber J.M., Theiling B.P. Determining the “Biosignature Threshold” for Life Detection on Biotic, Abiotic, or Prebiotic Worlds.
Astrobiology 2022, 22,4,481-493, http://doi.org/10.1089/ast.2021.0079.
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Questions?

Laura.m.barge@)jpl.nasa.gov

Jet Propulsion Laboratory
Califomia Institute of Technology
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