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Is catalysis in meteorites relevant to 
the origin of life?



Why meteorites? Because we know 
some of them contain organic molecules
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Any other input of organic molecules 
from space?



Organics

Yes, interplanetary dust particles



Where and how were all these 
organic molecules formed?



T

Parent body in situ alteration

Interstellar medium

Nebular gas-solid reactions
(Fischer-Tropsch-type)



Experimental evidences: working in 
the laboratory

I. “Reproducing” the solar nebula

II. Using meteorite samples

III. Clays in carbonaceous chondrites



I. “Reproducing” the solar nebula

Brearley, MAPS (2021) 56, 108



H2S

FeNi +      H2

CO

Gas phase

hydrocarbons, thiols

Solid phase

e-(FeNi)xC

carbides, sulfides,
carbon deposition

FeNi

carbon

          H2+CO H2+CO+H2S

Conv. 1.3x10-2 4.8x10-2

CH4 90 84
C2H4 2.1 2.8
C2H6 5.0 8.1
C3H6 0.5 0.8
C3H8 2.0 3.0
C4H8 - 0.1
C4H10 0.4 0.6
C5H12 - 0.2

CH3SH - 0.3
C2H5SH - 0.1

Llorca and Casanova, MAPS, 1998, 2000

H2/CO=250, 5x10-4 atm, 473 K
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Irradiated ices
(Moore and Hudson; Gerakines et al.)

FTT
(Llorca et al.)

Relative abundances of C1-C5 hydrocarbons

Llorca, Phys. Chem. Earth 1999



II. Using meteorite samples

Cabedo et al., A&A 2021

H2/CO=4, 1 atm



III. Clays in carbonaceous chondrites

Simple
molecules

Complexity



Carbonaceous chondrites
CI, CM

CO, CV, ...

Organic
molecules

Aqueous
alteration

Allende CV3 ALH84034 CM2



2 Mg2SiO4 + 3 H2O Mg3Si2O5(OH)4 + Mg(OH)2

(Fe,Mg)3(Si,Al)2O5(OH)4

10 Å

14 Å



CH2=CH2 CH3CH2OH CH3COOH 
CH3SH CH3SO3H

1 atm, 575 K

H2O H2O

H2O



But are the organics really within clays?

Murchison
Arteaga et al., OLEB 2009circular birefringence



Murray

Cold Bokkenveld

Arteaga et al., OLEB 2009



Final thoughts:



New surprises?

OSIRIS-Rex (NASA)
24 September 2023

Bennu



ESA–NASA Mars Sample Return mission



>72000 meteorites Sahara

Atacama

>500 meteorites recovered!

Meteorites might be important from the origin of life perspective 
(among others), so we need to recover them:


